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High above the peristyle of Olympic Stadium 
Olympiad are now progressing, burns a natural gas 
mains supply gas for the | 


. 


A MONTHLY JOURNAL DEVOTED TO THE 
WESTERN GAS & APPLIANCE INDUSTRIES 


: ‘ar 


. Soe 


Companions of Service 


EMCO METERS and REGULATORS 
NORDSTROM VALVES 


A complete service to the Industry, for accu- 
rate measurement and positive control of gas. 


2) 


EMCO METER NO. 5 


—equipped with Emco Combined Record Gauge or 
can be equipped with the Emcorector. Measures ac- 
curately any volume up to 10,000 cu. ft. per hour 
with a pressure drop of less than 2” of water. Mini- 
mum floor space in relation to capacity. 


CATALOGS UPON REQUEST 


PITTSBURGH EQUITABLE METER CO. 
Main Office and Plant—Pittsburgh, Penna. 


MERCO NORDSTROM VALVE CO. 
Plant—Oakland, Calif. 


NORDSTROM VALVE Branch Offices and Warehouses: 
Bost St. Loui Tul 
—The perfect application of a principle. “Sealdport”’ Buffalo Chicago Denver 
lubrication; thoroughly leak-resistant under any ee Gockenest hemes City 


pressure. New Orleans Salt Lake City Los Angeles 


- 


- 
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Fluor engineering never compromises with 
inferior qualities: should the exigency of 
the occasion demand, the necessary added 
service automatically becomes effectwe. 


FLUOR COOLING TOWER engineers are imbued with 
the same passion for perfection of workmanship that has 
always inspired a work of art. Fluor Corporation expe- 
rience and specialized engineering knowledge in the 
water tower-cooling field have taught us the economical 
as well as the scientific side of the industry. 

Nor has ‘invention’ lagged! Today, Fluor Corporation 
Cooling Towers still lead in major improvements; the 
new vertical-plane construction is admitted to be ahead 
of the times... tomorrow: maximum efficiency and min- 
imum operating cost. 

More than 2500 Fluor Corporation Water Cooling 
Towers in world-wide service attest these principles. 


FLUOR CORPORATION, in addition to manufacturing and 
installing cooling towers, is a complete Engineering, Con- 
struction, Appraising, Remodeling and Maintenance Com- 
pany, affording ‘turnkey’ facilities particularly in the design 
and installation of Atmospheric Coolers, Process Plants, Gen- 
eral Concrete & Heavy Construction and Machinery Setting. 


FLUOR CORPORATION 


KANSAS CITY, MO. 


® LTD © WASHINGTON, D.C. 


909 EAST 59TH ST. @ LOS ANGELES, CALIF. 
DALLAS, TEX. NEW YORK, N.Y. TULSA, OKLA. CHICAGO, ILL.. CLEVELAND, OHIO 


poe + samme Volume VIII, Number 8, Western Gas is published by Western Business Papers, Inc., at 124 West Fourth Street, Los Angeles. 
alifornia. 


Subscription price (in advance) 20 cents the copy; $2.00 per year; 2 years, $3.00; $3.00 per year foreign. Entered as second class 
matter June 1, 1925, at the postoffice at Los Angeles, under the Act of March 3, 1879. 
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Click ! 
Her golf ball sails straight and 


true toward the seventh green. 


Click ! 
The clock on her automatic nat- 
ural gasrange startsdin nercooking. 


Four O’°Cloek and all is well! 


em may be miles away from her kitchen, but at the 
time she has selected, the clock on her automatic nat- 
ural gas range starts her dinner cooking. At a set time, 
heat will be turned off automatically. 


Meantime, the automatic oven heat regulator keeps 
oven temperature constant at the point she desires for 
cooking. Even a delicate cake can be cooked perfectly in 
her absence. Insulation holds heat in the oven, so that 
less fuel is required to 
maintain a given tempera- 
ture, and the kitchen stays 
cooler. A circulation of 
fresh air through the oven 
maintains the freshness 
and flavor of foods. 


With all these advan- 
tages is the economy of 
natural gas. An entire meal 
may be cooked for as little 
as a quarter of a cent a 
person a meal. 


See the new natural gas 
ranges in the display of 
your dealer or gas com- 
pany, and look for the 
Blue Star Seal of the 
American Gas Association 


Testing Laboratory. 


Southern California Gas Company 
LOS ANGELES 
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Paranite Pipe Joint Gaskets are distributed by Pipe Joint Manufacturers 


When the pipe line takes the 
bends, it’s Paranite that allows 
safe distortion at each coupling. 


PARANITE 


For 20 years, Paranite Pipe Joint and Leak 
Clamp Gaskets have been installed, continu- 
ously and increasingly on pipe lines every- 
where. Such extensive use unmistakably adds 


to Paranite’s record of proven dependability. 


Paranite Gaskets are furnished in two types 
—Paranite “C” for natural gas; Paranite “A” 
for manufactured and mixed gases, in which 
some gasoline and drip oil are always pres- 
ent. All normal climatic action of the pipe line 


is readily absorbed by both types of Paranite. 


it°s safest to specify Paranite. 


TRADE 


Paranite is a specially compounded formula manufactured 
exclusively by us, Name registered in U. S. Patent Office. 


MARK 


The Manhattan Rubber Mfg. Division 
of RAYBESTOS-MANHATTAN, Inc. 


Executive Offices and Factories 


Passaic, New Jersey 


Page 4 


WESTERN GAS 


SAN DIEGO 
TO HAVE 
NATURAL GAS 


Natural Gas-is a 


= FAMILY AFFAIR! 


San ty 
Khoa 
0) Pe We tan Just THAT Every membe 
; of the family from the timest tot to granded 
) és mterested ir knowme the benefits of 
Natura! Ges’ 
oe. Mothe likes @ because « qve: clear 
Ae steady hear 


wo 1 Sister and brothe: end even the baby wil’ 

, ’ benefit mightily trom the fact thet physicians in 
1) cities where Netural Gas is now being used . 
recommend it for house heating because they Gin. 
know at giver healthtul heat — fp V 
ns 


Competent engineers vill be te discuss your beat 
ing problems Cal! Pranklie 4121 This service is with 


And of a Series MORE ABOUT 
THE PERFECT FUEL Ga. 


Renroduction is one of a series of educational advertisements now 
being published in all San Diego Daily Newspapers announcing 
the advent of Natural Gas. 


CONSOLIDATED GAS G& ELECTRIC COMPANY 


San Diego is to have Natural Gas. Arrange- 
ments for the distribution of the product under 
terms believed fair to customers, the sup- 
plying company and ourselves have been con- 
cluded. These negotiations, covering a period 
of years, have required extensive study to in- 
sure the best possible service. In these confer- 
ences we have had the full cooperation of the 
Southern Counties Gas Company to the end 
that the construction of a 12-34-inch transmis- 
sion main from Long Beach to San Diego is now 
in progress. 


According to plans Natural Gas will be released 
into our distribution system beginning September 
Ist. Prior to that date an intensive campaign 
for the more general use of the new product is 
being made. 


WM. F. RABER, President. 


SAN DIEGO CONSOLIDATED GAS AND ELECTRIC COMPANY 
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NSEEN, perhaps, but nec- 

essary, is the Dresser- 
Coupled gas line underneath 
the Peace Bridge that connects 
Buffalo (N. Y.) with Fort Erie 
(Ont.). Continuous pounding 
of traffic subjects this line to 
countless shocks and _vibra- 
tions, and that is why Dressers 
are there. No other joint 
would insure such flexibility, 
tightness, permanence. 


S. R. DRESSER MFG. COMPANY 
Bradford, Pa. 


In CANADA—Dresser Mfg. Co., Léd. 
32 Front St., W., Toronto, Ontario 


1867-1932 


We Are Sixty-five 


S IXTY-FIVE years ago—on June 28, 1867— 
when Los Angeles was a small, sleepy town 
of 5000 population, five pioneers organized the 
Los Angeles Gas Company, with a capital of 
$36,000. ‘This was the beginning of Los Angeles 
Gas and Electric Corporation. 


In noting our 65th birthday, we add our expres- 
sion of gratitude to all those—manufacturer, dis- 
tributor, dealer, and the public—whose co-opera- 
tion and support have helped make possible the 


measure of success we have enjoyed. 


And we bespeak our appreciation to all by an 
earnest striving to deal fairly and serve well at all 


times. 


Los ANGELES’é 
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The artist’s sketch shows an Anthony Joint being prepared for assembly in 
a cast iron high pressure gas line. This is a mechanical joint based on the 
“stuffing-box” principle. Tests and service under medium and high pressures 
have proved it gas-tight. And how it saves time. Just place the rubber gasket 
and tighten two rings. Available with de Lavaud pipe or pit cast pipe and 
fittings. All parts interchangeable. 


UNITED STATES PIPE AND FOUNDRY COMPANY, BURLINGTON, N. J. 
SALES OFFICES: NEW YORK, BUFFALO, CLEVELAND, CHICAGO, PHILADELPHIA, PITTSBURGH, 
DALLAS, BIRMINGHAM, KANSAS CITY, MINNEAPOLIS, SEATTLE, LOS ANGELES, SAN FRANCISCO 


Preparing the 
Anthony Joint 
before bolting. 


Our pipe bears 
this trademark 
of The Cast 
Iron Pipe Re- 
search Associ-« 
ation. 
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U. S. CAST IRON PIPE 


Copyright, 1932, United States Pipe and Foundry Co. 
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Thirty Kinds of Bread 


A TON OR MORE EACH DAY 


for the Olympic Athletes 


BAKED with NATURAL GAS in 
Helms’ newly equipped all-gas bakery 


Paul H. Helms and his staff of expert chefs know 
how to bake the favorite bread of every nation 
represented at the Olympic games. 


Because of this and because of the high quality of 
their product the Helms Bakery was awarded the 
contract to supply all of the bread for the Olympic 
Village in Los Angeles where the athletes were 
housed—more than 100,000 loaves. 


The top photograph shows a few of the many 
— of bread needed by these famous ath- 
etes. 


Swedish pumpernickel, Austrian langenbretzel, Hol- 
land pannenbrook, German kastenbrod and French 
pain frais are only a few of the numerous kinds of 
bread produced in this modern bakery with natural 
gas for the greatest athletic event in modern his- 
tory. 


The lower photograph shows the Helms 79 foot 
Baker Perkins thermostatically controlled natural 
gas traveling oven with a capacity of 2,500 per- 
fectly baked loaves every thirty-five minutes. 


SOUTHERN COUNTIES GAS COMPANY 
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LIFE-TIME INVESTMENTS DESERVE LIFE-TIME MATERIALS 


When gas pressure was put to this 18-inch line of Mono-Cast Doublex Simplex Pipe, it tested leak proof 


e 
e* 
* 


MONO-CAST DOUBLEX SIMPLEX PIPE 


a... 
> 


HIS pipe is the ideal life-time material for Specifications allow for maximum deflection 

gas and oil transmission and distribution. up to 8 degrees. Furnished in diameters 
Centrifugally cast in sand-lined molds, it from 3” to 24” inclusive. Standard length 16 
possesses exceptional strength in _ light feet; longer lengths available through use of 
weights, and resists corrosion barehanded. Acipceo Cast Iron Fusion Weld. In 32 states 
No highly skilled personnel or equipment and 5 foreign countries, this product is 
necessary to install it. Equipped with the setting a new standard for cast iron pipe. For 
100% true cast iron Doublex Simplex Joint, complimentary copy of our catalog: ‘““Mono- 
it offers life-long, bottle-tight dependability Cast Doublex Simplex Pipe” address Acipco 
at any pressure from 0 to 1000 pounds. office nearest you. 


AMERICAN CAST IRON PIPE COMPANY 


BIRMINGHAM, ALABAMA 


SAN FRANCISCO DALLAS NEW YORK CITY CHICAGO, 
SEATTLE KANSAS CITY LOS ANGELES CLEVELAND 


MINNEAPOLIS 
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Pacific PuBLic SERVICE COMPANY 


OWNING AND OPERATING THE FOLLOWING COMPANIES: 


Coast Counties Gas & Electric Co. 
Coast Industrial Gas Company 

Coast Natural Gas Company 

West Side Natural Gas Company 
Natural Gas Corporation of California 
Natural Gas Corporation of Oregon 
Natural Gas Corporation of Washington 


NaTtuRAL Gas AND Air ButTAne SERVICE 


225 Bush Street . SAN FRANCISCO 


Leading the Way Back 


. “How do you find business?” 
A, “By Going after it.” 


Public Utilities are helping to relieve business conditions by continuing con- 
struction, maintenance and improvement to their systems and keeping oper- 
ating expense in line with present day conditions. 

Business does not fall in the lap of the firm that sits in the swivel-chair and 
wishes without working. Selling successfully calls for contacts and ‘contacts’’ 
do not come when you whistle. 

Advertising, improved dealer relations, public contacts and quick reliable 
service are playing an important part in leading the way back to prosperity. 

Achievement of the utilities in continuing construction and improvement 
indicates the contidence they have in their own futures. They are preparing to 
lead American industry through a new period of prosperity. 


Coast K dasnities sas and Rlectric Company 
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233 MILES OF 
REPUBLIC ELECTRIC WELD PIPE 
NOW SERVING THE NORTHWEST 


Installing Republic ElectricWeld Pipe in line for Northern Gas 
& Pipe Line Co., subsidiary of Northern Natural Gas Co., 
Omaba, Nebraska. 


INES totaling more than a million feet of 

Republic Electric Weld Pipe in sizes 10, 
12, 14 and 16-inch now stretch from Mason 
City, Iowa, to Owatonna and Rochester, 
Minn., from Ogden to Des Moines, Iowa, 
and from Sioux City, Iowa to Sioux Falls, 
S. Dak. These lines tie in to a 26-inch trunk 
line at Mason City and bring the conveniences 
and economy of Texas gas from the Amarillo 
field to dozens of Minnesota, lowa and South 
Dakota communities served by the Northern 
Natural Gas Company. 

These are just a few of many similar lines 
where the selection of Republic Electric 
Weld Pipe was made after careful investiga- 
tion of its fitness laid bare these facts: 


REPUBLIC STEEL CORPORATION 


=a 


REPUBLIC ELECTRIC WELD 


GENERAL OFFICES 


The weld made by Republic’s patented 
process shows a strength equal to that of the 
pipe wall. Every length is straight, perfectly 
round, uniform in size and gauge. Inside 
and outside surfaces are free from scale and 
dirt. And, the long lengths in which it is 
available materially reduce the number of 
field welds, speed up construction and reduce 
line costs. Furthermore, it can be had in 
various analyses and in a wide range of wall 
thicknesses. 

Catalog 210-B—sixty-four pages of inter- 
esting information including method of man- 
ufacture, applications, results of tests and time 
saving engineering data—sent without charge 
upon request. 


YOUNGSTOWN, OHIO 


CASING - LINE PIPE - TUBING 
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Why 
HESTER 


Steel Casing is 
GOOD Casing 


Years of continuous 
operation under most 
trying conditions have 
proved that Chester 
Steel Casing construc- 
tion and principles are 
correct for oil field 


service. 


Chester also makes all 
classes of Genuine 
Wrought Iron Line 
Pipe and Copper 
Bearing Steel Pipe. 


CHESTER 


SOUTH CHESTER TUBE CO., Chester, Penna. 


District Sales Managers: 

W. E. GIBSON H. A. 

801 Columbia Bank Bldg. 

Pittsburgh, Pa. New 
District Offices: 

E. L. MOSELEY 

2218 Mills Street, 


J. P. COONEY 
715-716 A. G. Bartlett Bldg. 
Los Angeles, Calif. 


SWARTZ 
S. Evanston Street 
; Okla. 


D. 
23 é Houston Texas 
Tuls: 


Distributors: 
Pelican Well 
Shreveport, 


Louisiana 
Shreveport, 


Stephen H. McCabe, 508 Fourth 
Street, San Francisco, Calif. 
United Pipe & Supply Co., Charles-, Pa 
D: anville, West Hamlin, LeValley, 
a. Paintsville, Ashland, { nc., 
Pres stonburg, _Ky. : York. 
>" , Kane Supply Co., Kane, Lawrence- 
ville, Brookville, Pa. 


»Prichard Supply Co., Mannington, 
W. Va.; Mather & Waynesburg, 


Kinkaid Co., 


McLeod, 
. Olean, New 


Elmira and 


Al le n. 


30 Church Street 
York City, N. Y. 


lron 


Kilgore, Texas. 


. STEELE 
217 Petroleum Bldg. 
Fort Worth, Texas. 


MORSE 8) 


Texas; 
Calif. 


Houston. 
San Francisco. 


District Warehouses: 
Thenard, Calif.; ? 


Tool & Supply 

La., Kilgore, 

& Supply 
Henderson 


Co.., 


Texas. | 


Great Northern Tool & Supply Co., 
Billings and sevin, Mont.; 

Co., Kemmerer and Cody, Wyo 

and Star Drilling Machine Company, 

' 550 Clinton Street, 

Portland, Oregon. 


La.: 
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AND SERVICE 


When installed on a pipe line, Dayton Couplings 
become a stable investment in permanent construc- 
tion and unfailing service. 


Over twenty-five years experience in the precision 
manufacturing of these couplings from the highest 
quality of raw materials insures a product of max- 
imum dependability. 


As long as the Dayton-coupled line is in use, all 
connections remain strong, flexible, absolutely tight 
and permanently leak-proof. 


THE DAYTON PIPE COUPLING COMPANY 
DAYTON, OHIO 


-ALL-STEEL 
COUPLINGS 
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Dealer 


Tie-in ADVERTISING 


LOWEST 


SLIMMER PRICES 


OFFERED THIS MONTH ON 
GAS HEATING EQUIPMENT 


JUST GOOD BUSINESS 
TO TAKE ADVANTAGE 
OF THE LOW 


SUMMER PRICES 


OFFERED THIS MONTH ON 
GAS HEATING EQUIPMENT 


lt is really extravagant to ley 


August, 1932 


gets the Prospects 
created by P-G-wE: 


... this opportunity is available to every 
dealer in each town and city in which 
gas service is rendered by this Company 


One hundred and ninety-three newspapers in 
Northern California carry P. G. and E. gas ap- 
pliance advertising into the homes of more than 
476,000 consumers . . . . those persons to whom 
you naturally look for your prospects. All are 
invited to visit their local dealers’ stores. 


More than a few dealers have found that 
tie-in advertising answers the prospect's ques- 
tions, as to WHICH dealer he shall see and 
WHERE the dealer is located. Those who use 
tie-in advertising consistently are rapidly in- 
creasing their number of prospects and sales. 
If you are selling major gas appliances in North- 
ern California, direct to your store the prospects 
created by P. G. and E. advertising. 


Of current interest to gas appliance dealers 
is this Company's present advertising designed 
to promote sale of gas heating appliances during 
summer months. This campaign supports fully 
the constructive selling plans adopted at a recent 
meeting of manufacturers, their representatives 
and dealers, and Pacific Gas and Electric Com- 


pany. 


Two August advertisements are reproduced on 
the opposite page. If you wish to increase your 
sales as others are doing, call your local news- 
paper offices and learn when these advertise- 
ments are to be published. Then write, or ask 
the publisher to assist in preparing a tie-in adver- 
tisement that will lead prospects to YOUR store. 
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Dependability is virtually a part of the design and 
construction of Westcott Orifice Meters. There is but 
one movable joint from the float to the chart record. 


The heat treated stuffing box, for instance, is of 
hardened stainless steel and is equipped with a 
heat treated stainless steel bushing B. This is lapped 
on bearing shaft P and adjusted by means of N 
until the clearance is such that air passes at the 
rate of 0.5 to one cubic foot per hour at 700 
pounds when dry. 


The stuffing box is subsequently filled with grease, 
thus preventing any leakage. 


Other interesting features 


SAN FRANCISCO 


Copies will be sent on request. 


AMERICAN METER COMPANY 


INCORPORATED 
EsTasLisnHed 1836 


PACIFIC METER WORKS 


found in Westcott Orifice Meters include the forged 
steel mercury chambers, the high pressure cham- 
ber of which in the 50" and 100" sizes for exam- 


ple is interchangeable. 


Dependability in every part and function is re- 
flected in low maintenance and economical 
accurate operation. Bulletins E-2 and 16 describe 
other known factors in the value of Westcott 
Orifice Meters and Metric Integrating Orifice 


Meters. 


LOS ANGELES 


WESTERN GAS 
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as. L. Stone — 1931-1932 President of the Pacific Coast Gas Association, vice-president 
and general manager, Spokane Gas and Fuel Company — sounds the P. C. G. A. 
convention call. The Association meets at Del Monte, Calif., August 24-26 
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A Monthly Journal of the Gas and Gas 


Appliance Industries in Western America 


A Record of P.C.G.A. Service 


ACH year it is the privilege of Western Gas in its Annual 

Technical Edition to publish papers and reports of the 
Pacific Coast Gas Association, in advance of the organization’s 
yearly convention. The P.C.G.A. now approaches its 39th annual 
meeting, and an exceptionally fine body of reports is again 
brought to the industry through this pre-convention issue. As 
President Jas. L. Stone points out in his introductory remarks 
which follow, the high calibre of P.C.G.A. work, evident in 
these reports, has earned the Association a place of continuous 
leadership in group service to the gas industry.—Editor. 


E not infrequently hear from many 

sources highly complimentary remarks 
made about the splendid accomplishments of 
the Pacific Coast Gas Association, and I am 
sure they all have been well deserved. 

The foremost men from every branch of the 
industry over a long period of years have 
given liberally and enthusiastically of their 
services, and this past year has been no excep- 
tion, in spite of the heavy strain brought on 
these men because of the trying times. For 
that reason all the more credit is due. 

During the past year, a large percentage of 
the membership of this Association has been 
actively engaged in the work of one or more 
of its committees. The chairmen of the five 
Sections have been untiring in their efforts to 
solve some of the problems which come under 
their respective divisions. They have been 
liberally supported by their committeemen 
and by others in the industry to whom they 
have appealed for help. 

For the past several years, the Association 
has had an immeasurable amount of help 
through the publication, Western Gas. It 
has not only cooperated to the fullest extent 
with the officers and committeemen of the 
Association, but it has also been of exceptional 


service because of its initiative in securing and 
publishing many articles of outstanding value 
to various phases of our business, and at con- 
siderable effort and expense. | am sure the 
membership unanimously supports me in 
these views and deeply appreciates the work 
of the officers and the staff of this publication. 

This issue of Western Gas carries many of 
the Convention papers and reports. You will 
find them both instructive and interesting. | 
have heard some of the industry’s foremost 
engineers refer to similar issues of this pub- 
lication as being high grade handbooks. As 


have previous issues, this present number will 


be in demand in many sections throughout the 
country. This is complimentary to both the 
Pacific Coast Gas Association and to Western 
Gas. 

A great deal of thought has been given to 
presenting a program this year that will guar- 
antee time and money being well spent for 
those who attend the Convention, and I am 
hopeful it will be supported in proportion to 
its merits. 

Our industry has been and will continue to 
be absolutely essential to the progress, pros- 
perity, and happiness of the country, but we 
must be alert to the many and fast changes 
that the modern world requires. This is 
wholly within our possibilities, though it 
means that we must always be able to antici- 
pate these requirements. This can be done 
best through the cooperation which is fur- 
nished in the machinery of a well ordered or- 
ganization, such as we are fortunate to have 
in the Pacific Coast Gas Association. 

JAS. L. STONE, 


President, Pacific Coast Gas Association. 


Vol. Vill, No. 8 
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Scenes like this one on the Monterey Peninsula's famous “Seventeen Mile Drive," 
within a few minutes of Del Monte, make a wonder spot of the 
Pacific Coast Gas Association's Convention Site. 


Strong Program Awaits at el Monte 


a choice combination of general and sectional features has 

been prepared for members of the Pacific Coast Gas Associa- 
tion, as they assemble at Del Monte, Calif., in their 39th annual 
convention. Sessions listed below are all at Hotel Del Monte, and 
cover a three-day period—August 24, 25 and 26. 

During the past year active committee programs have been 
carried on by the five sections of the Association, and important 
ground will be covered in convention discussions. Many of the 
reports and papers, as designated in the program below, are pre- 
printed in this issue of Western Gas, as an aid to advance study 
of convention offerings. 

Convention entertainment includes a number of social events for 
the ladies, as well as a ladies’ golf tournament. As usual, the 
annual banquet will come as a finale to the meetings, on the eve- 
ning of Friday, August 26. 

While the P.C.G.A. sessions have been compressed into three 
days, the business program is unusually strong, and offers a valu- 
able return upon this year’s convention attendance. 


‘ S THE complete program in the ensuing pages demonstrates, 


Full program particulars are published below. 


GENERAL SESSIONS 


WEDNESDAY, AUGUST 24 


8:00 A. M. 
Registration Opens, Main Lobby, Hotel Del Monte. 
10:30 A. M. Auditorium 


Address of Welcome—P. M. Downing, Vice-President and General 
Manager, Pacific Gas and Electric Co. 


President’s Address—James L. Stone, President, Pacific Coast Gas 
Association. 


Report of Board of Directors—Clifford Johnstone, Managing Direc- 
tor, Pacific Coast Gas Association. 


Election of Officers. 


My Company as a Community Asset—A Public Speaking Contest 
for Men under the Auspices of the Employees Information 
Committee, Public Relations Section—D. L. Scott, Los Angeles 
Gas and Electric Corp., Chairman. 


Amendment of Constitution and By-Laws. 


2:00 P. M., Auditorium 
The Appliance Business Helps Itself—P. O. Deitsch, Group Man- 
ager, Manufacturers’ Section, American Gas Association. 


A Program for the Manufacturers’ Section—R. L. Hinckley, Chair- 
man, Manufacturers’ Section, Pacific Coast Gas Association. 


The Public and the Gas Utilities—John P. Coghlan, Second Vice- 
President, Pacific Gas and Electric Co. 


The Merchandising Situation in the Mid-West—Mayjor T. J. Strick- 
ler, Vice-President and General Manager, Kansas City Gas Co. 


Trade Relations in the Gas and Electric Industries—F. M. Banks, 
Chairman, Joint Trade Relations Committee of the Pacific 
Coast Gas Association and the Pacific Coast Electric Asso- 
ciation, 


THURSDAY, AUGUST 25 


9:30 A. M., Auditorium 


Objectives and Refunding of a Pension and Benefit Plan-—R. 4. 
Hornby, Executive Engineer, Pacific Lighting Co. 


The Regulatory Viewpoint on Fixed Capital — Walter W. Cooper, 
Director of Research, California Railroad Commission. 


Present and Future Markets for Gas—H. E. Davidson, Superin- 
tendent of Appliance Sales, Southern California Gas Co. 
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Unquenchable Fires—Henry O. Loebell, Vice-President and General 
Manager, Combustion Utilities Corp. 


The Present Status of Air-Conditioning—Harry L. Warren, Heat- 
ing Engineer, Southern California Gas Co. 


8:30 P. M., Auditorium 


The Human Factor in Business Development—R. E. Fisher, Vice- 
President in Charge of Sales and Public Relations, Pacific Gas 
and Electric Co. 


The Blue Vase. 


A Playlet adapted from Peter B. Kyne’s story, “The Go-Get- 
ter,” and presented by the Sales Department of the Pacific Gas 
and Electric Co. 


Scenes 


Scene 1—“‘Cappy” Ricks’ Office. 

Scene 2—The Same—Two Months Later. 
Scene 3—The Same—Sunday Afternoon. 
Scene 4—Cohen’s Art Shop. 

Scene 5—A Pullman Car—Section A, Car 7. 


Cast 
ELLE LAAT IROL R LD AOE EDIE ATEN B. W. Reynolds 
Alden P. Ricks—Known as “Cappy”’........................ Frank Bevan 
Mr. Skinner, President Ricks Lumber Co................. H. N. Carroll 
Capt. Matt Peasley, Pres. Blue Star Navigation Co...W. H. Park 
Wu. 2 OCe ....o.. k snithdacnlhaitesctuipenaadiisseciben Pat Curren 
m. See. c.. SR a OE te eS IRENE STEIN Ce A. C. Miller 
Ne is cd siete ilepeansmecontn O. R. Doerr 


At the close of The Blue Vase the floor will cleared for dancing. 


FRIDAY, AUGUST 26 


9:30 A. M., Auditorium 


California’s Natural Gas Situation—C. C. Brown, Gas and Electric 
Engineer, California Railroad Commission. 


Natural Gas in the Mid-West—Floyd Brown, Vice-President Nat- 
ural Gas Pipe Line Co. of America. 


“That the Quality of Service be Not Stained”—C. B. Babcock, 
President, C. B. Babcock Co. 


The Ice Industry Cries “Excelsior’—H. L. Lincoln, Plant Manager, 
Union Ice Co. 


Address—Eric A. Johnston, President, Spokane Chamber of Com- 
merce. 


2:00 P. M., Auditorium 


The Trend Toward Cooperative Advertising — J. Chas. Jordan, 
Chairman, Committee on Cooperative Advertising. 


The Place of the University in Industrial Research— Dr. B. M. 
Woods, Chairman, Department of Mechanical Engineering, 
University of California, 


The Fires of Civilization—An Iilustrated Lecture presented for the 
Women’s Committee, Public Relations Section, by Elizabeth 
Lawton, Los Angeles Gas and Electric Corp. 


*High Heating Value Oil Gas as a Stand-by for Natural Gas—L. 
J. Willien, Gas Engineer, Byllesby Engineering and Manage- 
ment Corp.; J. A. Harritt, Superintendent of Production, San 
Diego Consolidated Gas and Electric Co.; and Frank Wills, 
Engineer of Production, Pacific Gas and Electric Co. 


Award of Addison B. Day Medal of Honor. 


Resolutions. 


6:30 P.M. Auditorium 


Annual Banquet—Followed by Dancing in the Grill Room. 


Page 21 


ACCOUNTING SECTION 


C. D. CusHMAN, General Chairman 
Los Angeles Gas and Electric Corp. 


THURSDAY 


2:00 P. M., Children's Playroom 


Address of Chairman 


*Fixed Capital Records—S. W. Binckley, Chairman, Southern Cali- 
fornia Gas Co. 


*Fixed Capital Records from the Utility Standpoint—R. U. Fitting, 
Los Angeles Gas and Electric Corp. 


*Accounting in Connection with “Auxiliary Motive Equipment—4AZ. 
S. MacDougall, Chairman, Los Angeles Gas and Electric Corp. 


*Meter Reading and Bill Delivery —W. O. Mulligan, Southern 
California Gas Co. 


Natural Gas Classification of Accounts—R. 4A. Hornby, Chairman, 
Pacific Lighting Corp. 


Purchasing and Stores Accounting—J. Q. Ewing, Chairman, South- 
ern California Gas Co. 


Preservation and Destruction of Records—E. C. Cox, Chairman, 
Southern Counties Gas Co. 


Merchandise Accounting —H. M. Riehle, Chairman, San Diego 
Consolidated Gas and Electric Co. 


COMMERCIAL SECTION 


F. M. Banks, General Chairman 
Southern California Gas Co. 


THURSDAY 


2:00 P. M., Copper Cup Room 


Address of Chairman 


Hotel and Restaurant Equipment Sales—Norman White, New Busi- 
ness Manager, Dohrmann Hotel Supply Co. 


*The Design of Chimneys and Flues—Frank Wills, Engineer of 
Production, Pacific Gas and Electric Co. 


Gas Engines—W. F. Suess, Chairman, Southern California Gas Co. 


*Load Building Value of Appliances—H. W. Geyer, Chairman, 
Southern Counties Gas Co. 


*Promotional Rates—E. H. Wetlaufer, Chairman, Southern Cali- 
fornia Gas Co. 


*Liquefied Gas—H. L. Farrar, Chairman, Standard Management 
and Operating Corp. 


TECHNICAL SECTION 


D. H. Perkins, General Chairman 
San Diego Consolidated Gas and Electric Co. 


THURSDAY 


2:00 P. M., Auditorium 


Natural Gas Transmission Committee, Review of Reports—F. F. 
Doyle, Chairman, Pacific Gas and Electric Co. 


*Compressor Stations—Grove Lawrence, Chairman. 
*Large Volume Measurements—R. L. Cook, Chairman. 


*Transmission Pipe Lines—B. M. Laulhere, Chairman. 


*Printed in current issue of Western Gas. 
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Distribution Committee, Review of Reports—Guy Corfield, Chair- 
man, Los Angeles Gas and Electric Corp. 
Servicing of Special Installations—W. F. Pape, Chairman. 
Accident Prevention—R. R. Blackburn, Chairman. 
*Distribution Design—Norman Hoff, Chairman. 
*Storeroom and Toolroom Methods—C. D. Weiss, Chairman. 
*Governors and Regulators—Wm. La Violette, Chairman. 
*Domestic Meters—D. E. Farmer, Chairman. 
*Pipe Protection—O. L. Wrestler, Chairman. 


Production Committee, Review of Reports—C. P. Johnson, Chair- 
man, Puget Sound Power & Light Co. 


*Sulphur Dioxide and Plant Corrosion—M. T. Burton, Chair- 
man, 


*Coke and Briquette Merchandising—F. W. Smelts, Chairman. 
*Gas Holder Maintenance—D. B. Larson, Chairman. 


PUBLIC RELATIONS SECTION 


Geo. L. Myers, General Chairman 
Portland Gas and Coke Co. 


THURSDAY 


10:00 A. M., Tower Room 


Women’s Committee Conference on Committee Problems and Man- 
agement—Mrs. Clarita Scott Holden, Chairman, Los Angeles 
Gas and Electric Corp. 


(This is a meeting of the combined Women’s Committees of the 
Pacific Coast Gas Association and the Pacific Coast Electrical 
Association. ) 


Round Table Discussions 


Subject: “What is the Most Important Work of the Women’s 
Committee ?”—Discussion Leader: Mrs. Katherine L. Rathbone, 
Chairman, Women’s Committee, Southern Counties Gas Co. 


Subject: “The Best Type of Women’s Committee Meeting.” — 
Discussion Leader: Mrs. Clarita Scott Holden, Chairman, 
Women’s Committee, Pacific Coast Gas Association. 


Subject: “Social Aspects of Women’s Committee Work” — Dis- 
cussion Leader: Miss Bertha J. Dale, Chairman, Women’s 
Committee, Pacific Gas and Electric Co. 


Subject: “Welcoming the New Girl.’—Discussion Leader: Miss 
Clyda Weems, Chairman, Women’s Committee, San Joaquin 
Light and Power Corp. 
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12:00 Noon 
Women’s Committee Luncheon and Business Meeting—Presentation 
and discussion of plans for the new year. 


Note: The Women’s Committee has arranged an exhibit visualizing 
its work. 


2:00 P. M., Tower Room 
Report of Executive Committee—Remarks by the Chairman. 


My Company as a Community Asset—A Public Speaking Contest 
for Women Held Under the Auspices of the Women’s Com- 
mittee—Mrs. Clarita Scott Holden, Los Angeles Gas and Elec- 
tric Corp., Chairman. 


The Rising Tide of Revolt—Geo, L. Myers, Assistant to the Presi- 
dent, Portland Gas and Coke Co. 


Customers’ Relations Conference—( Under auspices of Customer Re- 
lations Committee)—Jas. F. Pollard, Chairman, Seattle Gas Co. 


Customer Ownership—E. J. Beckett, Chairman, Pacific Gas and 
Electric Co. 


Employees’ Education—D. L. Scott, Chairman, Los Angeles Gas 
and Electric Corp. 


Employees’ Welfare—E. G. McCann, Chairman, Pacific Gas and 
Electric Co. 


PUBLICITY and ADVERTISING 


W. D. THuRBER, General Chairman 
Southern Counties Gas Co. 


THURSDAY 


2:00 P. M., Recreation Room 


Address of Chairman 


Advertising Problems of 1932 and How They are Being Met by the 
Gas Utilities on the Pacific Coast—J. Chas. Jordan, Pacific Gas 
and Electric Co. 


Dealer Cooperation in Advertising and Merchandising—H. E. Da- 
vidson, Southern California Gas Co. 


Thinking Ahead in Domestic Gas Utilization—J. S. Spalding, Los 
Angeles Joint Natural Gas Advertising Committee. 


Note: The Publicity and Advertising Section has arranged a com- 
prehensive exhibit of current gas company advertising. Miss 
Ella Russell, Coast Counties Gas and Electric Co., is Chair- 
man of the Exhibit Committee. 


* 


*Printed in current issue of Western Ga-. 


Looking across Laguna del Rey on the grounds of Hotel Del Monte, with the 
hotel in the background. 
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F. M. Banks 


Commercial Section 


C. D. Cushman 
Accounting Section 


Geo. L. Myers 
Public Relations 


D. H. Perkins 
Technical Section 


W. D. Thurber 
Publicity and Adv. 


Pacific Coast Gas Association Section Chairmen—Year 193]-1932 


ACCOUNTING SECTION 


C. D. Cushman, Los Angeles Gas and Electric Corporation, General Chairman 


Fixed Capital Records* 


XPERIENCE of member companies has indicated that there 

are numerous minor difficulties encountered in adopting the 

procedures outlined by Fixed Capital Records Committees 
of past years. In order to solve these problems as they arise, this 
Committee will discuss what may appear to be problems of minor 
importance. Yet, these are problems whose solution is vital to the 
success of a cost accounting system. 

This report will be presented in three sections, viz., (1) The 
need for avoidance of unessential details; (2) The necessity for 
an engineering check of Cost Analyses; and (3), Problems in 
properly accounting for Maintenance Charges. 


NEED FOR AVOIDANCE OF UNESSENTIAL DETAILS 


One of the most dificult problems which confronts the cost 
accountant or engineer is that of distinguishing between the essen- 
tial and non-essential. Any successful cost accounting system must 
necessarily comprise the procurement of pertinent data and the 
correlation and assembly of these data in such manner that the 
results obtained are those sought by the management. Although it 
is plain that the accumulation of data not essential to the accom- 
plishment of the desired result is a waste of time and money, failure 
to recognize this fact often results in the entire system failing in its 
purpose. Similarly, a procedure which fails to provide the basic 
information required to substantiate the property record entries, 
will prove unsatisfactory, regardless of how complete and accurate 
the property record may appear to be. 

Before attempting to arrive at a decision covering details of cost 
accounting procedure, the cost accountant or engineer must take the 
following steps: 

Outline the results desired from the cost accounting system. 

State clearly and definitely the uses to which such results may 
be put. 

Obtain the consent of the management to proceed and obtain 
necessary appropriations. 


The first two steps have been thoroughly covered by reports of 
previous committees. The third step, i.e., securing managerial 
approval and appropriations is a vital one, since the magnitude of 
the appropriation controls the amount of detailed accounting which 
can be done; and is therefore a factor which limits completeness, 
accuracy and practical value of the final result. 


*S. W. Binckley, Chairman, So. Calif. Gas Co.; R. F. Allen, P. G. & E. 
Co.; M. E. Bauman, L. A. G. & E. Corp.; C. S. Hall, San Diego Cons. G. & 
E. Co.; O. A. Honey, So. Counties Gas Co.; A. S. Walthall, San Joaquin Lt. & 
Pr. Corp.; W. C. F. West, L. A. G. & E. Corp. 


There is little to be gained by over-emphasis of the fact that 
results cost money. The management knows this. The point to be 
proved is that the resuits obtained are worth the money they cost. 
Proof of this can not be accomplished by dealing in generalities, 
but must rest upon good evidence and sound reasoning. 

Due to lack of adequate appropriations, it may be necessary to 
gradually develop a new accounting system, or to revise an old one. 
Such gradual development or revision has many advantages, pro- 
vided that the ultimate development of the system has been outlined 
and each new revision is so planned that it will fit in to the general 
scheme. Among the advantages of a gradual revision of cost 
accounting procedure may be mentioned the following: 


(1) Since simultaneous revision of all of the various phases of 


-cost accounting is often accompanied by many unforeseen accounting 


difficulties, gradual revision enables the accountant or engineer to 
overcome these difficulties one by one. 

(2) Revision of field accounting reports, procedures and instruc- 
tions may be accomplished with a minimum amount of confusion to 
the construction forces and makes it possible to thoroughly instruct 
them. 

(3) Tangible results may be submitted to the management in 
substantiation of the claim that such results are worth what they 
cost and that additional appropriations will secure certain specific 
additional results. 

Once the cost accountant or engineer has outlined the genera! 
system of accounting which will eventually be made effective, and 
has established the limitations which are imposed by the appropria- 
tion granted him, he is ready to proceed with the detailed design 
of the accounting system. 

However, in addition to the governing element of “Cost,” in 
determining what details may be secured and the second governing 
element of “Need,” the third element of “Practicability” must be 
considered. The element of “Practicability” is one which is occa- 
sionally overlooked. Here the accountant or engineer must leave 
the realm of journals, ledgers and slide rules, and is confronted 
with the human element, as represented by the construction force. 

Two common errors are often made in dealing with the construc- 
tion force: 

First, in designing forms for field reports, there is a tendency 
to call for information which, if received, may possibly be useful 
but which will not be demanded in case it is not furnished. This 
is an extremely pernicious practice. It results in the conscientious 
foreman laboriously filling out forms while the less conscientious 
man finds that he can “get by” without providing the information 
called for, and consequently becomes careless in reporting vital 
data. Field reports should be simple, easily understood and should 
request essential information only. In designing field reports, it 
should be remembered that the success of any cost accounting 
system is based upon the accuracy and completeness of reports 
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which contain essential information only. Having the responsibility 
for their proper utilization, the Cost Accountant or Engineer should 
have and use full authority to insist that field reports be properly 
made out. 

Second, the accountant or engineer often fails to appreciate the 
difficulty of preparing proper field reports. It requires time and 
patience to instruct the construction forces in field accounting. A 
common error is made in trying to “sell” the idea of field account- 
ing rather than to explain what is wanted. The subject of account- 
ing is notoriously an unpopular one with the construction man. It 
will be found, however, that his attitude may often be traced to 
the following causes: 

The accountant or cost engineer either does not know definitely 
what he wants or else does not know how to make his wants known 
to the construction men. 

The accountant or cost engineer does not appreciate the difficulty, 
if not the impossibility of the field man obtaining certain informa- 
tion which has been requested. 

The accountant or cost engineer, in his enthusiasm for his work, 
draws a colorful picture of the valuable cost analyses which will 
be available to construction men for future guidance in their work. 
If such cost analyses do not materialize, or are put up in such form 
that they are not understandable, or are submitted months after 
the job is completed, the reaction of the construction man may well 
be understood and appreciated. 

Contrary to the belief among some accountants and contrary to 
statements made by previous Fixed Capital Records Committees, this 
Committee believes that the construction superintendent, engineer 
and foreman are vitally interested in costs. Statements to the con- 
trary are based upon lack of appreciation of duties and responsi- 
bilities of the construction organization. Promptly prepared, con- 
cise and accurate cost reports will secure the cooperation of the 
construction force in a way that nothing else can. 


Recommendations 


It is the desire of your Committee to emphasize the necessity of 
working back from the ultimate results which are to be obtained by 
a cost accounting system to the consideration of details which are 
required to accomplish such results. The tendency toward the hap- 
hazard accumulation of cost details with the purpose of later 
assembling them in the form of a cost report should be guarded 
against. 

Your committee wishes to further stress the fact that the expense 
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of construction cost accounting. will vary with the completeness and 
accuracy of the ultimate results obtained. A reduction in expendi- 
ture for construction cost accounting must be accomplished either 
by the elimination of certain desired results of by neglect of details. 
In such casc, the elimination of some of the results obtained is 
preferable to neglect of essential details required to substantiate the 
remaining results. In the former case, accounting that is done, is 
done correctly. In the latter case, the apparent results are the same 
but are misleading and not susceptible of proof. 


Due to the fact that the principal results obtained from a well 
operated construction accounting system are filed away month after 
month and are used infrequently, there is a tendency to minimize 
the importance of such records, especially when a general program 
for reduction of operating expenses is being put into effect. Before 
essential records are dispensed with or are unduly restricted, it is 
well to consider the fact that rate proceedings are by no means 
rare, that property must be insured and claims for losses substan- 
tiated, that tax reports must be prepared and refinancing must be 
accomplished—all vital matters to a public utility. Data required 
for these purposes must be accurate and complete and these data, 
if properly prepared, are well worth their cost. 


NECESSITY FOR CHECKING FINAL COST ANALYSES 
AND REPORTS 


There exists a certain tendency among many accountants and 
engineers to accept the results obtained from their tabulations and 
calculations without applying the test of reasonableness to such 
results, 


The late Walter C. Kerr once wrote: “A point of view 
is involved in the power to rationalize. This again is a thing 
which each man does for himself in his own best way, and its 
essence consists in asking one’s self whether the thing is reasonable. 
It is a great check upon error. It applies equally to nearly every- 
thing of which engineering is composed. It is the power of the 
human mind, after performing in more or less systematic and con- 
ventional ways, to stand off and look at results and ask one’s self 
whether they are reasonable. One man will figure that certain 
material weighs two hundred tons, and believe it. Another will 
say that there is something wrong in that, for it all came on two 
cars.” To believe implicitly in figures is a very human tendency, 
but has resulted in engineering failure and the bankruptcy of 


TABLE NO. 1. DISTRIBUTION OF ACTUAL LABOR CHARGES TO VARIOUS ITEMS OF PLANT INSTALLED ON A 
SINGLE WORK ORDER 
Quantity Trial Trial Actual 
Installed Labor Unit Labor Cost Factor Labor Cost 
(1) (2) (3) (4) (5) 
Compressor House—Foundation and Floors Only................ . 99.82 cu. yds. $ 3.50 $ 349.37 1.06 $ 370.33 
Boiler House—Foundation and Floors Onlly.......................... 24.90 cu. yds 3.00 74.70 79.18 
Boiler Foundations ..... itn insides diuntipsaadifamiaiasoialicatnapite aati igaiiss 17.90 cu. yds. 2.00 35.80 37.95 
NEE On i LON RE CTT CR OREO 1 Item 40.00 40.00 42.40 
Feed Water Heater—2000 H.P.—Foundation.......................... 7.30 cu. yds. 2.50 18.25 19.35 
| —Erection ...............--.-.. sak 1 Item 110.00 110.00 116.60 
—Platform and Laddev...... 1 Item 25.00 25.00 26.50 
Generator—Single Shot 14’ x 28’—Foundation........................ 104.53 cu. yds. 2.00 209.06 221.60 
—Brick Work .................. 44 M 20.00 880.00 932.80 
—Inmsulation .............-........ 4,000 Ibs. 0.01 40.00 42.40 
Wash Box—10” Dia. x 6’—Foundation.................................... 8.26 cu. yds. 2.50 20.65 21.89 
— tine OE 1 Item 3.00 3.00 3.18 
Scrubber—14’ x 24’—Foundation 22.........020...ccccecceceeceeeeeeeeeees cs: SST cm, ve, 2.50 43.93 46.57 
I as cial 3,000 F.B.M. 0.01 30.00 31.80 
(ee ee TE Shc iditiissinnidiitinnd 12,000 Each 0.015 180.00 190.80 
—Railing ...... PR SME Rea ictal 1 Item 6.00 6.00 6.36 
Purifier—32’ Dia.x 14’ High—Foundation.............................. 36.74 cu. yds. 2.00 73.48 77.89 
sn pe RES ORT erie rear 6,400 lbs. 0.02 128.00 135.68 
Compressor—18”"/32” x 24” x 36” Duplex—Foundation.......... 1 cu. yds 1.00 180.35 191.17 
—Erection .. ........... 1 Iter 390.00 390.00 413.40 
Lamp Black Pump—7%” x 7” x 10” Duplex—Foundation.... 1 Uniz 15.00 15.00 15.90 
—Erection.......... 1 Unit 3.00 3.00 3.18 
Piping—Cost of Pipe, Valves, Fittings, Etc............ .............. $4,320.00 35% 1,512.00 1,602.72 
ni RRA EES SS SEREOESENR MEES IRS OE LET ein aa 500.00 40% 200.00 212.00 
—Supports (Steel Rods, Etc.) 2.000000... a 3,000 Ibs. 0.07 210.00 222.60 
ne I on 19.00 cu. yds. 6.00 114.00 120.84 
peel WMS OIE ai elk cn ca dale aie Se acs ec i 700 F.B.M. 0.01 7.00 7.42 
Factor—$5,192.41 x 100=1.06 $4,898.59 $5,192.51 
$4,898.59 
Note: Contract labor cost not included in above since cost details were available. 
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business concerns as well as the failure of relatively less im- 
portant undertakings such as fixed capital accounting systems. 


A construction cost analysis is one thing; the interpretation and 
checking of results obtained by such analysis is distinctly another. 
Whereas, by application of reasonable care in office and field 
accounting, an accountant may follow the construction cost pro- 
gram as outlined by previous Committees, the true interpretation 
and checking of cost analyses and reports can be done only by an 
engineer who is familiar with construction methods and costs. 


To illustrate what is meant by interpretation and checking of 
cost reports and analyses, reference will be made to typical cost 
reports included in the Report of the 1930 Fixed Capital Records 
Committee. Since these typical reports were introduced as illustra- 
tions of methods rather than as actual examples, your Committee 
feels free to use them as a basis for illustration of the need for 
a check for “reasonableness.” 

Referring to the direct costs of Work Order No. 9826, (P.G.C.A. 
Proceedings Vol. 21, Page 47) an engineer might proceed somewhat 
as follows in applying the test of reasonableness: 

(a) He would note that labor charges for installing 8-inch welded 
pipe line was only 25 cents per foot. However, on examining the 
detail of costs, he would also note that the trenching and backfilling 
was contracted for at low cost and that the labor cost shown is 
not unreasonable. 

(b) He would note that the direct labor cost for installing the 
concrete vault is $18.75 per cubic yard, which, in his opinion is 
quite high. To verify this, he would make the following rough 
calculation of direct labor cost: 


Excavation .............. ‘anitniestiadi canal 21 yds. @ $1.00 $21.00 
(NS RMN ESE INES 400 sq. ft. @ 0.05 20.00 
i SSE oats 1 ton @ 10.00 10.00 


Mixing and Pouring...................... 6 yds. @ 3.00 18.00 


$69.00 


This leaves a balance of $36 for unaccounted for and miscel- 
laneous labor, the total labor charge being $105. However, in view 
of the variable amount of labor required for such work, he would 
pass the charge as being not definitely unreasonable. 


(c) He would note that the total labor charge for installing an 
8 inch orifice meter setup is shown as $45. He knows that this is 
a very low charge for such work and would recommend that a 
re-check of field time reports be made. 


(d) He would note that 8 cubic yards of rock were charged to 
the installation of 5.6 cubic yards of concrete. He would suggest 
that this matter be called to the attention of the job superintendent 
and that the job be credited with the two yards of excess rock, if it 
is found that the rock was transferred to another job. If it was 
not transferred, he would suggest that a recheck of concrete quan- 
tities be made. In view of the comparatively high labor charge 
on the vault and the unaccounted for rock charged, he would sus- 
pect that the vault was actually larger than reported. 


(e) He would note that the compressor has been used for cutting 
pavement, but that no charges for replacement of paving have been 
made. He would therefore recommend that this be investigated. 


(f) He would note that no charges have been made for excava- 
tion permits or for railroad crossing permit and inspection fee. He 
would recommend that this also be investigated. 


(g) He would make a rough check of material and labor charges 
for the railroad crossing and would find them reasonable. 


(h) He would make a similar check of the two highway cross- 
ings. Since the job report states that these crossings were made by 
tunneling, he would find the cost reasonable. 


(i) He would comment on the fact that field accounting charges 
are almost as much as field supervision charges. He would there- 
fore recommend that in the future, no attempt be made to segregate 
the costs of trenching, stringing, welding and backfilling, provided 
that the construction superintendent was willing to dispense with 
this information. 

(j) He would briefly review the job indirect costs, especially 
haulage costs, which amount to $2.20 per ton. His knowledge of 
length of haul and haulage costs would enable him to pass upon 
the reasonableness of this cost. 

(k) He would find that the cost of protective covering amounts 
to about 15 cents per foot or about 20 per cent of the cost of pipe 
and would call attention to this fact. He would find that the weld- 
ing material costs about 4 cents per foot which, according to his 
experience is not unreasonable. 

An “overall” check, somewhat similar to the above, should be 
made of all analyses and cost reports. Such a check may require 
only a few minutes or may require several days, depending upon 
the magnitude and complexity of the job. In some instances, a 
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check of this character will reveal the fact that the errors in field 
accounting were so numerous and of such magnitude that it will be 
necessary to make a complete redistribution of labor charges. In 
such cases, it is inadvisable to try to “patch” a job until it appears 
to be correct. Field accounting for labor is either right or it is 
wrong. In the latter case, it should be entirely disregarded and 
labor costs distributed by means of an estimate. 


A redistribution of labor, when found necessary, should be made 
promptly after the job has been completed. The job engineer, 
superintendent and foreman may be consulted by the cost engineer 
and “trial labor unit costs” developed. ‘Trial labor unit costs may 
be estimated for each item installed and multiplied by the quantity 
of each item. The sum of the resulting products is divided into 
the actual total labor charge to the job and the quotient expressed 
as a factor. This factor may be applied to each of the trial labor 
costs, thus arriving at the rectified or corrected estimated labor 
cost for the installation of each item of plant. 


Prompt action on the part of the cost engineer in getting in touch 
with the job engineer, superintendent or foreman results in a more 
accurate distribution of labor charges than would be possible to 
obtain if action is postponed for several weeks or months. 


In order to illustrate the use of the “trial labor” method in esti- 
mating apportionment of labor costs, an hypothetical distribution 
of labor costs is shown on Table No. 1. It is assumed that the 
work was done in 1908 or 1909 and that no segregation of labor 
costs between the various items of plant had been made. 


Due to lack of space, the details covering the development of 
trial labor units have been omitted. Trial labor costs may be 
worked out by estimating the number of man hours required for 
each construction operation and pricing the resulting totals at 
current labor rates. In general, if plant piping is involved, it will 
be found that labor may be estimated as a percentage of the mate- 
rial cost of pipe, valves and fittings installed. The percentage, 
will, of course, vary with the relative costs of labor and material, 
the ratio of cost of valves installed to cost of pipe installed, con- 
struction conditions, etc. For large jobs, this percentage will be 
approximately 35 or 40 percent. 

Obviously, an estimated distribution of labor costs can not be 
expected to take the place of accurate field labor reports. However, 
an estimated distribution, if carefully made, will prove more satis- 
factory than the use of erroneous field reports. 


Recommendations 


Your Committee recommends that all final cost reports and 
analyses be thoroughly checked and approved by a competent en- 
gineer before such reports are used. It is further recommended 
that the construction superintendent be required to examine and 
approve all cost reports and analyses for jobs done under his 
direction. 


ACCOUNTING FOR MAINTENANCE CHARGES TO 
CONSTRUCTION ORDERS 


The report of the 1929 Fixed Capital Records Committee dealt 
extensively with the subject of retirement units appropriate for 
various classes of property. In discussing this subject, the problem 
of distinguishing between costs chargeable to Maintenance and 
costs chargeable to Capital was mentioned. 


It is believed that the subject is of sufficient importance to merit 
further comment and study. 


Aside from maintenance costs originating in the addition of 
minor betterments which are considered too small to capitalize, the 
principal maintenance costs on construction jobs are those which 
are incurred in removirg, reclaiming and reconditioning items of 
plant. These costs are frequently incurred in conjunction with the 
installation of plant additions, and hence, must be accounted fcr 
as a part of total job cost. 

The accounting for maintenance costs in connection with con- 
struction jobs may be grouped as follows: 

Manufacturing Plants and Compressor Stations 

Distribution and General Structures 

Mains 

Services 

Meters and Regulators. 

In theory, there is no difference in the principles followed in 
distinguishing between Capital and Maintenance Costs for each of 
the above groups. In practice, however, there are considerations 
which call for some modification of these principles. 


Manufacturing Plants and Compressor Stations 


If a plant or station is to be entirely dismantled, all costs incurred 
are chargeable to maintenance unless specific provisions have been 
made for such costs in the Retirement Reserve. Such costs should 
include that of reconditioning reclaimed material or equipment. 
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If, however, several generating sets and the building housing 
them are to be removed and a new building and new generators 
installed, the problem is not quite so simple. Such a job may in- 
volve charges to a number of maintenance as well as capital 
accounts. The maintenance charges, for example, may include: 


Maintenance of Production Structures 
Maintenance of Generating Equipment 
Maintenance of Station Piping 


Maintenance of Miscellaneous Production Equipment. 


In this example, the structures and equipment removed are 
largely and easily identified items. It is therefore possible to obtain 
proper allocation of labor charges by use of field reports. Major 
alterations and additions of this nature frequently involve exten- 
sive changes and additions to plant piping of all kinds, i.e., fuel, 
oil, water, steam, lampblack and tar, high pressure and low pressure 
gas piping, blast piping, etc. It is seen therefore, that a careful 
accounting should be made for both labor and material. 

Accounting for labor costs on jobs of this character is probably 
the most dificult and at the same time, a very important part of 
the field accounting problem. Material installed may be inventoried 
after completion of the job, but labor costs must be accounted for 
as they are incurred. As is true with all types of field accounting, 
the reports should clearly indicate what was done rather than the 
foreman’s opinion as to whether a charge is to be considered Cap- 
ital or Maintenance. If a clear description is given of the task 
accomplished, the engineer or accountant will be in a position to 
differentiate between Capital and Maintenance charges. After 
the job costs are analyzed, the engineer should always apply his 
“power to rationalize” as a test of the reasonableness of all charges. 

Material costs of a job such as described above are important. 
Due to the fact that it is customary to use reclaimed or relocated 
material in the construction of plant additions, the accounting may 
easily become very involved. Accounting for pipe, valves and 
fittings may be simplified as follows: 


Keep an accurate record of all pipe, valves and fittings issued 
from and returned to Stores during the progress of the job. 

Return to Stores, all unused and reclaimed pipe, valves and 
fittings remaining on the job after its completion. The net increase 
or decrease in piping material installed at the plant may thus be 
readily computed. 

The total original cost of all reclaimed material returned to 
Stores together with the estimated original installation cost, indirect 
base costs and overhead costs may be retired from Capital. Esti- 
mated original labor cost may be estimated as a percentage of the 
original cost of material removed. 

This method may appear rather unsatisfactory to the more tech- 
nically disposed accountant or engineer. It should be remembered, 
however, that it is extremely difficult, if not impossible to have 
workmen specify in all cases whether material used on new con- 
struction was new or reclaimed material. 

If a portion of a structure is to be removed, a complete inventory 
of the portion affected should be made before the job is started. 
Unless this is done, it will often be practically impossible to ascer- 
tain how much property was removed and to make suitable retire- 
ment of such property or to test the reasonableness of labor costs 
charged to Maintenance. 


Distribution and General Structures 


Occasionally distribution structures such as district ofhces undergo 
extensive alterations. In many cases, such alterations or additions 
are made by contractors. 

When a building is to be enlarged, certain walls removed, the 
counters, partitions, etc., removed, replaced or rebuilt, it is desirable 
that the contractor be requested to segregate his bid as to cost of 
removal and rearrangement of materials and cost of new construc- 
tion. If this is done, the charges to maintenance may readily be 
determined. If bids are not obtained in this form, there are two 
methods which may be developed to determine maintenance costs. 

First, a timekeeper may be kept on the job and labor costs 
recorded in the same manner as they would be on a force account 
job. 

Second, labor chargeable to maintenance may be estimated, using 
as a basis the quantities of materials removed or relocated, etc. 
The first method is preferable because estimates are not involved. 

A complete detailed inventory should be made of all material 
to be removed before the job is started. This is particularly 


necessary when detailed costs for the original structure are not 
available. Often an office building is built under .a “lump sum” 
contract and the contract cost posted in the fixed. capital record 
without attempting to allocate contract costs to foundation, brick- 
work, walls, roof, partitions, etc. 

When conditions such as this are encountered, it becomes neces- 
sary to price a detailed inventory of materials removed, using 
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estimated labor and material costs as a basis for making the re- 
tirement. This work should be done by an engineer since the 
accountant is rarely qualified to make such estimates. 


Mains 


The replacement, renewal, reconditioning, relocation, lowering or 
conversion of gasketed mains to welded mains involves charges to 
maintenance. The 1929 Fixed Capital Records Committee made 
specific recommendations covering the replacement or renewal of 
short lengths of mains. This discussion will therefore be limited 
to mains whose length exceeds that specified by the 1929 Committee. 


Replacement of Mains: The replacement of mains involves 
either a change in size or a change in type of main or both. The 
cost of the old main should be retired from capital, the cost of the 
new capitalized and the cost of removing the old mains charged 
to Maintenance, unless specific provisions have been made for such 
costs in Retirement Reserve. 

The cost of installing and removing temporary by-pass lines or 
any other temporary construction required to maintain § service 
while the job is in progress should also be charged to Maintenance. 


In congested areas, where it is dificult if not impossible to lay 
long temporary lines, it is frequently the practice to make a series 
of successive short replacements. That is, a small amount of ditch 
may be opened, a short temporary line laid, the old main removed 
and new installed. As soon as the new section of main is placed 
in service, another length is uncovered, and so on, until the entire 
main has been replaced. Under such conditions as these, the 
determination of correct labor charges requires an energetic and 
alert job timekeeper. The job foreman can not be expected to do 
this work and reports made out by him should be viewed with a 
certain amount of distrust. 

If a timekeeper is not available, or if the field reports are 
incorrect, or are likely to be incorrect, considerable time and effort 
may be saved by charging all labor directly to the job and later 
allocating it to maintenance and capital on an estimated basis. This 
apportionment, or assignment of labor may be made by use of the 
“trial labor unit” method. If the engineer consults the field super- 
intendent or foreman immediately after the completion of the job, 
or during its progress, if the job is a long one, he will be able to 
obtain data required for the calculation and application of the 
trial labor units. He will also have a clear understanding of what 
took place on the job. If, on the other hand, an interval of several 
months elapses between the completion of the job and the time the 
cost analysis is made, the engineer will be at a distinct disadvan- 
tage and the accuracy of the cost analysis will be seriously affected. 


Labor indirect costs for replacement jobs should be prorated 
between Capital and Maintenance on the basis of direct labor 
charges or allocations. If no by-pass line is involved, this may 
result in charging an excessive amount of haulage to the mainte- 
nance account. On the other hand, if the material used in the 
construction of the original line is recovered and hauled away, 
this basis of prorate may be substantially correct. In exceptional 
cases, haulage may be distributed on a “ton mile’ basis, or some 
other basis which may be found appropriate to the circumstances. 


Protective covering material should be charged direct to the new 
construction. Welding material charged, less an estimated amount 
used in dismantling the old line and in constructing the temporary 
by-pass line, should be charged to new construction. Supply 
Expense and other material indirect charges should be prorated 
on the basis of direct material charges. Since the material used 
in constructing by-pass lines is generally returned to stores, it will 
not appear as a net charge to the job, consequently care should be 
taken to see that maintenance is charged with supply expense which 
was cleared against such material. 


Renewal of Mains: The renewal of a main involves the replace- 
ment of a main in kind, i.e., without changing its size or type. The 
accounting problems for this class of work are identical with those 
encountered in replacement of mains. 

Reconditioning of Mains: Reconditioning of mains involves un- 
covering the pipe, raising it from the ditch, scraping, painting, 
lowering and backfilling. With the exception of paving costs, 
which will be discussed later, jobs of this kind are in general, 
chargeable to maintenance. 

In case a high grade expensive protective covering is used, there 
is some question as to whether or not such covering should be 
capitalized. Since the direct base labor and material cost of pro- 
tective covering will frequently amount to 20 per cent or more of 
the cost of pipe, it is an important item. 

If the new protective covering is capitalized, the old covering, if 
any, must be retired. This will involve the determination of the 
cost of the old, or original covering—a task which is not always a 
simple one. 

If it is decided that the new protective covering will be capital- 
ized, and the original covering retired, the decision should be made 
before the job is commenced and provisions made to accumulate 
the direct base labor and material costs of the new covering. 
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Due to the amount of detailed accounting which is required to 
capitalize the new protective covering and to retire the original 
covering, if any, it is recommended that this practice be confined 
to jobs of considerable size. The cost of reconditioning short lengths 
of main should be charged in total to maintenance. 


Relocation of Mains: Relocation of mains, as the term implies, 
involves the moving of a main from one location to another in the 
same street, generally on account of some public improvement such 
as storm drains, sewers, widening of streets, etc. In cases where 
a main is entirely removed from one street and the reclaimed pipe 
used on a job nearby, the term “Relocation” does not apply. In 
such cases, the new job is chargeable with the reclaimed pipe in the 
same way it would be, had such pipe been issued from stores. 


No fixed rule can be established for use in deciding whether the 
total cost of relocation should be charged to maintenance, or whether 
a part of such cost should be capitalized. In arriving at a decision, 
the following principles should be borne in mind. 


If the main is to be moved only a few inches, or even a foot or 
so, and a single ditch is used to uncover the main and to provide 
for it in the new location, it is plainly impractical to distinguish 
between maintenance and capital charges—hence, the total cost of 
such jobs should be charged to maintenance. In case a new and 
costly protective covering is used on the main, it may prove feasible 
to capitalize the cost of the covering in the manner described above 
under “Reconditioning of Mains.” 


If the main to be relocated was originally installed only a few 
years prior to the date of relocation, and if there have been no 
marked changes in labor price levels or construction conditions, there 
is little to be gained by retiring the original main and capitalizing 
the cost of the new main in its new location, even though a separate 
trench is required in the new location. In such instances, it will 
generally be found desirable to charge the entire cost of the job 
to Maintenance. 


If, however, the original main was laid a number of years prior 
to the date of its relocation and if a separate trench is required 
for relocating it, a capital adjustment will be required in most 
instances. In effect, what happens on a job of this kind is the 
removal of one main and the construction of another, using re- 
claimed material for the new job. In this case, the original cost 
of the main should be retired and a corresponding charge made 
to the Retirement Reserve. The new job should be charged, and 
the Retirement Reserve credited with the original material cost of 
all material reclaimed. Maintenance should be charged with the 
cost of digging up the old main and of reconditioning the material 
reclaimed for use in the new main. The new main should, of 
course, be charged with the labor cost of installation. Welding 
material charged to the job, less an estimated amount used in dis- 
mantling the old main, should be charged to the new main. Pro- 
tective covering material should be charged to the new job. It 
will be found that haulage and supply expense charged to relocation 
jobs will generally be very low. This is due to the fact that little 
or no material is hauled and that a small amount of material passes 
through stores. It will often be found advisable to charge the new 
job and credit the Retirement Reserve with original haulage and 
supply expense costs and to charge maintenance with all haulage 
and supply expense costs charged to the relocation job. 

This class of construction is one which calls for accurate field 
accounting for labor costs. If accurate labor costs can not, or are 
not, obtained, total labor costs should be accumulated and appor- 
tioned between Capital and Maintenance by use of the “trial labor 
unit’ method heretofore referred to. 


Lowering of Mains: With the exception of paving costs, which 
will be discussed later and with the possible exception of cost of 
protective coverings, the total cost of lowering mains should be 
charged to appropriate maintenance accounts. 


Conversion of Gasketed Lines to Welded Lines: Frequently, in 
reconditioning gasketed or coupled lines, it is decided to remove 
the couplings and to weld the joints. Technically, this procedure 
results in a decided betterment. Practically, the difference in cost 
of a welded joint and historical cost of a gasketed or coupled joint 
is often so slight as to be unimportant. 

Further, the accounting will be complicated, since the capitaliza- 
tion of the welded joint will involve the retirement of the material 
cost, installation cost, indirect base costs and overhead costs of the 
gasketed or coupled joints, 

It is believed that there should be no charges or credits to capital 
for this class of work and that all costs incurred should be charged 
to maintenance. 

Appropriate entries should be made in the property ledger to 
indicate a decrease in footage of gasketed line and an increase in 
footage of welded line. 


Service Work in Connection with Mains: In many cases, replace- 
ment, renewal, relocation, reconditioning, lowering and conversion 
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of mains will necessitate removal, addition, renewal or replacement 
of service pipes. This complicates field accounting but can not 
be avoided. 

All work done on services should be carefully accounted for and 
reported, a report for each service being made in order that the 
service records may be properly maintained. 

If field reports are properly prepared, the cost accountant or 
engineer will be able to make the appropriate charges to mainte- 
nance of services and to the capital account for services. If, how- 
ever, service work is not correctly reported, it will be difficult if 
not impossible, to make the proper charges. Further, the service 
records of a gas utility are a very important record, both from the 
standpoint of operating needs and from the standpoint of public 
safety, and hence, no effort should be spared to accurately keep and 
maintain these records. Unless the foreman in charge of main con- 
struction turns in an accurate report of work done on each service, 
it will be impossible to post the service record and, as a result, it 
will be difficult and a costly matter to locate and repair leaks which 
will be indicated by leakage tests made in future years. Main con- 
struction foremen are sometimes prone to minimize the importance 
of making service reports and hence should be carefully instructed 
and closely checked. 


Monthly Clearing of Maintenance Charges: Previous Capital 
Records Committees recommended the use of work orders for all 
jobs which involve capital, even though such jobs may also involve 
charges to maintenance accounts. Your Committee agrees that this 
should be done. 

It is often desirable, however, to make charges to maintenance 
accounts during the months which maintenance costs are actually 
incurred, rather than to wait until the job is completed and the final 
distribution of charges made. It is plain that a large job requiring 
several months for its completion may involve very heavy mainte- 
nance costs which, if charged to maintenance during the month the 
job costs are finally distributed, would result in charges which 
would be out of line with preceding months. This tends to intro- 
duce added difficulties in controlling maintenance expenditures and 
making comparisons between maintenance charges from month to 
month. There are several ways in which this difficulty may be 
overcome. 

One method consists of estimating the amount of maintenance 
cost which will be insurred on each job and expressing this esti- 
mated cost as a percentage of the total cost of the job. At the end 
of each month, this percentage is applied to current charges and 
the resulting product charged to maintenance. This method is 
open to several objections among which may be mentioned the 
following: 

Maintenance charges are extremely difficult to accurately esti- 
mate, hence, at the completion of the job, it may become necessary 
to make a heavy charge or credit to Maintenance. 

The actual Maintenance costs may not be proportioned to total 
job costs each month. For example, on many jobs, the Maintenance 


.costs may all be incurred during the first month and all costs there- 


after be Capital Costs. 

The work actually done on a job may be entirely different from 
that contemplated before the work is commenced. For example, an 
order may be issued for lowering a main—a job which is entirely 
chargeable to Maintenance. After work is commenced, it may be 
decided that the main is in such condition that its replacement is 
warranted. This involves radical changes in accounting procedure. 
If the cost accountant is not promptly notified, he would distribute 
the entire job costs to Maintenance, thus making it necessary to 
make a large credit to Maintenance when actual conditions are 
brought to light by means of the job cost analysis. 

Another method which may be used, consists of roughly analyz- 
ing the job costs as they are incurred each month and charging 
maintenance on the basis of such analysis. Since labor is the prin- 
cipal item of maintenance cost, a labor segregation may be made 
by means of daily time reports, and indirect costs estimated. Gen- 
eral Construction Costs may be calculated on the basis of labor 
charges. If this is done with a reasonable amount of care, the 
charges to Maintenance will closely approximate actual costs and 
large corrections will not be required at the time the final job 
analysis is made. This method is, however, open to the following 
objections: 

Additional labor and expense is required to segregate labor 
maintenance costs each month and to estimate indirect expenses and 
General Construction Costs for such costs. 


If the character of a job is changed, it is necessary for the field 
accounting force, as well as the Cost Accounting force, to be notified 
of a change and to take proper steps to alter the accounting pro- 
cedure. This difficulty can be overcome by proper instruction and 
“liason” between the construction and the accounting departments. 


In addition to maintenance costs which are incurred directly on 
the job, some companies charge maintenance with the cost of recon- 
ditioning material which is reclaimed from replacement or renewal 
jobs. Since considerable time may elapse between the completion 
of the job and the reconditioning of reclaimed material in the 
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salvage department, it is desirable to adopt some procedure which 
will permit closing the job order and distributing the charges soon 
after the completion of the job. Since the credit which is made 
to the Retirement Reserve for reclaimed or salvaged material is 
recorded on the work order, it is necessary to hold the order open 
until the amount of such credit has been determined. The amount 
of credit is, of course, dependent upon the condition of the reclaimed 
material—reclaimed material being credited at original cost and 
junk material at salvage value. 

Since the routine for Work Order Accounting is different for each 
utility, it is clearly impossible for your Committee to outline, in 
detail, a procedure which is adaptable to the various routines fol- 
lowed. In fact, some utilities are not confronted with the problem 
of reclaimed material, since all material removed may be junk. 
With others, however, accounting for reclaimed material is a prob- 
lem. The following general suggestions are therefore offered as a 
basis for study rather than as definite recommendations. 

The factors which must be considered in arriving at a satisfac- 
tory solution of this problem are: 

Accuracy of results obtained. 

Speed in closing work orders and distributing charges. 

Economy of reconditioning and salvaging operations. 

Simplicity in accounting. 

Cost of accounting. 

With these requirements in mind, your Committee recommends 
the following general procedure: 

1. Create a Clearing Account for all used material returned from 
all jobs. 

2. Classification of all used material, at the time it is shipped in 
from the job, as “Usable in the Original Function, Salvageable for 
Sale or Junk.” 

3. Credit Job with Historical Cost of Usable Material and 
Market Value of salvaged and/or junk material. 

4. Charge Clearing Account with amount credited in “3” above. 

5. Charge job with estimated cost of reconditioning reclaimed or 
salvaged material. 

6. Credit Clearing Account with amount charged in “5” above. 


7. Accumulate sufficient material to warrant organizing to efh- 
ciently recondition it and proceed with reconditioning and/or sal- 
vaging. Charge Clearing Account with cost of reconditioning. 


8. Credit Clearing Account and Debit Supplies with usable re- 
claimed material. Credit Clearing Account with proceeds from sale 
of salvaged or junk material. 

Under this procedure, it would be necessary to watch the Clearing 
Account Balances and modify, when necessary the Credits for 
reconditioning costs and Debits for estimated cost of reclaimed, 
salvaged or junked material. Since reconditioning unit costs are 
known, or can be easily determined, the most probable error which 
will occur would be that of under or over appraising the material 
charged to the clearing account. Experience of a few months or 
a year can be used as an indication of habitual over or under 
appraisement and steps can readily be taken to correct future 
errors. 

This procedure, or some modification of it, will result in speedy 
work order accounting, low cost of salvage and reconditioning oper- 
ations, substantially correct results, and simplicity of accounting. 
The accounting costs will probably not be increased or may even 
be lowered. 


Cost of Paving Replaced: The 1929 report of the Fixed Capital 
Records Committee dealt briefly with the subject of accounting for 
paving cut during the course of pipe line or main construction. 
With few exceptions, the investment represented by cost of paving 
cut during the installation of gas distribution systems is increasing 
rapidly each year. This is due largely to the fact that mains which 
were originally laid in unpaved streets are now being replaced, and 
it is Necessary to cut pavement which was laid subsequent to date 
of installation of the old main. 

There appears to be a certain lack of uniformity in accounting 
for paving costs, some utilities including cost of paving with cost 
of mains, others keeping paving costs in a separate capital account. 
In general, there are three methods employed in accounting for 
paving replacement costs. 


First, include cost of paving with cost of mains, either as indi- 
vidual job costs or as average costs, depending upon which method 
is followed in making retirements. 


Second, record cost of paving in a separate capital account and 
use average cost of paving, per foot of installed mains, as retire- 
ment unit. The average cost may be a “weighted cost to date” or 
an average for each year or group of years. 


Third, maintain a record of each section of. paving cut, and the 
cost thereof, and retire each section at the time the main is retired. 
This method is not practicable when “weighted average costs” are 
used for the purpose of retiring mains.- However, it is probably 
more accurate than the first two methods mentioned. 
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Since this discussion deals with the problem of maintenance 
charges, the relative merits of the various methods of recording 
paving costs will not be discussed. 

In determining what paving costs are properly chargeable to 
maintenance and to capital, it is necessary to recognize the essential 
difference between Capital and Maintenance Costs. Maintenance 
Costs are those which are incurred in keeping a property in good 
operating condition without materially increasing or diminishng 
the historical cost of such property. It is true that the renewal. of 
ten feet of main may increase or decrease (depending upon price 
levels) the historical cost of the main. However, as a matter of 
accounting expediency and practicability, it would not pay to make 
a capital adjustment for such a small difference, and hence, the 
cost of such work is charged to maintenance. Similarly, the lower- 
ing of a main may technically be considered, in part, a capital cost, 
since original cost would have been greater if the main had orig- 
inally been laid to grade. Here again, accounting expediency and 
judgment dictates that such cost may appropriately be charged to 
maintenance. 

When paving is cut during the progress of a job which is charge- 
able to maintenance, it does not necessarily follow that the cost of 
replacing pavement is also chargeable to maintenance. On the 
contrary, in most cases, such costs are chargeable to Capital. For 
example, if a main which was originally laid in an unpaved street 
which is later paved, is to be reconditioned it is plain that the cost 
of pavng cut is a Capital charge. If, on the other hand, paving 
was originally cut, the entire cost of reconditioning, including pav- 
ing costs may be charged to maintenance. 

If paving costs are recorded separately for each section of main 
in the system and if these records are used for the purpose of 
making retirements, the actual original cost of paving may be 
retired and the new cost capitalized. 

If, however, average unit costs per foot of main are used as a 
basis, for making retirements, a somewhat different procedure will 
be required. In this case, the average unit cost per foot for paving 
should be retired for every foot of ditch which is opened, regard- 
less of whether the main is retired or not. All paving costs incurred 
in connection with resurfacing the ditch thus opened should be 
capitalized. In some cases, it may be necessary to cut paving in 
order to relocate a main. Under such conditions, the average pav- 
ing cost should be retired, the actual cost of paving cut in removing 
the main charged to maintenance, and the cost of paving cut in 
digging the new ditch should be capitalized. 

It paving costs are included with cost of mains, it is impossible 
to make a paving cost retirement unless the main is retired. ‘This 
is one of the objectionable features of the practice of including 
paving costs with main costs. If this method is used, the paving 
charges will necessarily have to follow the rest of the job charges. 

Your Committee recommends that serious consideration be given 
to the problem of properly accounting for paving costs incurred in 
connection with installation and maintenance of mains. 


Services 


The report of the 1929 Fixed Capital Records Committee that all 
replacements in kind of more than one-half the length of a service, 
or of more than 100 feet of service should be considered a better- 
ment and capital adjusted. Conversely, the replacement in kind 
of less than one-half the length of a service, or less than 100 feet 
should be considered a proper charge to maintenance. 

No mention was made of charging maintenance with the cost of 
dismantling and removing the old service when capital adjust- 
ments were involved. Since the distinction between maintenance 
and capital charges is made on an arbitrary basis, it is believed that 
accounting for the cost of removal of old service pipe would prove 
to be an unnecessary refinement. This is principally due to the 
difficulties which would be encountered in securing reliable field 
accounting. 

The subject of accounting methods, types of orders required, 
appropriate forms, and field and office routine for Capital and 
Maintenance Accounting for Services is a broad one. Since the 
importance of this class of property is great, and the accounting 
problem a complicated one, your Committee feels that it should 
be made the subject of a separate report at a later date. 


Paving Over Services: In many instances, the total cost of pav- 
ing cut during the installation of services exceeds similar costs for 
mains. ‘This is due to the fact that mains are often installed im- 
mediately before the pavement is laid, while services are installed 
afterwards, 

If the recommendations of the 1929 Fixed Capital Records Com- 
mittee are adopted, renewals of less than one-half the length of a 
service, or less than 100 feet of service would be charged to main- 
tenance. This is largely a matter of accounting expediency how- 
ever, since a great deal of the service work which is considered 
chargeable to maintenance involves cutting of pavement. 

As in the case of mains, the fact that certain costs are charged 
to maintenance cannot control in determining where costs for cut- 
ting paving should be charged. 
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If a utility keeps a record of paving costs for each service, the 
original cost of paving should be retired and the new cost capital- 
ized whenever the portion of a service which is located in the street 
is exposed. 

If the “average cost of paving per service’ method is adopted, 
this average cost should be retired whenever a public street is dis- 
turbed to repair, replace, or renew a service. All paving costs 
incurred in repairing, replacing or renewing a service should be 
capitalized. This should be done regardless of whether the balance 
of the job costs are charged to Capital or to Maintenance. 

Should a utility include the cost of paving with the cost of ser- 
vices, it is plain that no paving retirements can be made unless a 
service is retired. In view of the fact that large amounts of paving 
costs may be incurred on jobs which are charged to Maintenance, 
this method of handling paving charges does not appear to be 
desirable. 

Your Committee recommends that further study be given to 
Service Capital Accounting by future Committees. 


Meters and Regulators 


If a suitable work order system is adopted for Accounting for 
meters and regulators, there will be no difficulty in making proper 
charges to Capital and Maintenance for meters and regulators 
which are set, removed changed or relocated. 

Since discussion of accounting procedure for this class of property 
should include a detailed description of the various steps involved, 
your Committee recommends that this subject be dealt with in a 
future Fixed Capital Records Committee Report. 


Fixed Capital Records from the Utility 
Standpoint 


By Rarpu U. Fittrinc 


Valuation Engineer 
Los Angeles Gas and Electric Corporation 


HE development of the general uniformity in the systems of 

classifications of accounts as at present in general use, is the 

result of the requirements of regulatory bodies. Before the 
days of these commissions, each operating utility had its own sys- 
tem and a few of them were similar. The holding companies in 
the early days found it necessary to institute classifications covering 
fixed capital and operating accounts in order that the various 
properties which they operated would be placed on a more or less 
common basis for comparison. These stand- 
ards were in a great measure _ instru- 
mental in blazing the way for the forms that 
were adopted later by utility commissions and 
also gave a back-ground for those which 
we now use. Some phases, especially in the 
handling of certain operating accounts, have 
received some modifications from these early 
days due to the change in attitude and the 
need for closer managerial supervision. Even 
to this day there are differences of opinion 
as to proper methods. 

It is admitted that the subject of Fixed 
Capital Records provides very little that is 
new to the Accounting Section and not much 
can be added to the admirable reports of 
the committee on Undistributed Costs pre- 
sented at this and past meetings. Nothing much has transpired 
since the meeting of 1928, when a very complete report was pre- 
sented by R. A. Hornby, chairman of the committee, which would 
in any way change or modify the recommendations made at that 
time. However, some items could profitably be discussed because 
of changed conditions caused by changing price levels and the 
subsequent business depression. 

In California, under the Railroad Commission classification of 
accounts, there are certain prescribed rules for the carrying charges 
to fixed capital accounts which are closely followed by the various 
utilities. However, there is a difference between the companies in 
the development of these charges; some carry everything through 
individual work orders, others through blanket work orders, and 
again others on straight charges by accourts. Some companies 
maintain a perpetual inventory record through which fixed capital 
accounts are carried to the ledgers and the physical items are set 
down with their costs so that at any time these may be recognized 
and differentiated as individual units of construction. This is an 
ideal system as pointed out by the “Committee on Undistributed 
Costs” and reported in the proceedings of the P.C.G.A., beginning 
in 1928. The work of that committee has gone into the matter 
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of proper accounting for fixed capital accounts in a very exhaustive 
manner and any further comment here would be superfluous. That 
committee report has discussed in considerable detail the part played 
by Fixed Capital account records in many of the following matters: 


Rate proceedings 

Overheads and indirect costs 
Insurance and disaster losses 
‘Depreciation 

Retirements and Replacements 
Construction budgets 

New accounting districts 
Rate making studies 
Property investment reports 
Damage suits 

Financing 

Taxes 


There is a certain amount of inter-relation between some of 
these subjects as listed and wherein changing price levels and 
economic conditions are reflected. For example, in the states where 
the regulatory bodies have recognized fair value as the rate base, 
to be in accord with recent decisions of the United States Supreme 
Court, then depreciation annuities take on a different form. It is 
generally recognized under this theory that the consumers must re- 
turn those charges made on them, the value of the property and 
not the cost. Replacements must be made under present price con- 
ditions from which the value is determined and not at prices pre- 
vailing when the items to be replaced were originally installed. 
This means that depreciation annuity in such cases must be calcu- 
lated on a straight line basis, without interest added to the de- 
preciation reserve, and must be taken on the undepreciated fair 
value base. There is at least one utility in California using this 
method. To the many other companies using the sinking fund 
method of depreciation annuities, the depreciation reserve is becom- 
ing a problem because of the large amount of interest which must 
be added each year, taken from the surplus, and which is not 
included as a deduction from earnings for calculating net return 
on which the utility is allowed to earn. 

Obviously the depreciation annuity should be ample to provide 
in advance money required to replace property required for causes 
in addition to that of deterioration such as supercession, obsoles- 
cence, inadequacy, changes required by reason of municipal im- 
provements, etc., which are all future matters and indeterminate 
at the time of the setting up of the annuity. Some eastern com- 
panies go so far as to accumulate both maintenance and deprecia- 
tion through annuities into one account and no separation is made 
between them. There are advantages in such accounting methods. 


The Fixed Capital records must also be sufficiently flexible to 


. provide for the calculation of depreciation as a deduction for in- 


come tax purposes. The Internal Revenue Department does not 
recognize a sinking fund method in this matter nor is it particularly 
interested in the amount of reserve or the depreciation annuity per- 
mitted by the state regulatory body. Generally speaking, the rate of 
retirement is the more important in that regard and its effect upon 
“obsoleteness”, a single term coined by the Income Tax Division 
to express the amount which an item of property will not have 
earned for depreciation because of retirement in advance of its esti- 
mated life. Off-setting obsoleteness, of course, is the amount which 
other items earn by reason of service lives extending beyond the 
end of the fixed lives on which the depreciation is calculated. Re- 
tirements therefore with relation to Fixed Capital records are of 
great importance for income tax purposes. 

Fixed Capital records are also important in cases where taxes are 
levied upon property of the utility which the county assessor de- 
clares to be in-operative as of the first Monday in March; especially 
is this important in states where the usual property tax is displaced 
by an income tax or a gross sales tax. In California this method 
is used and although a piece of property may be included in the rate 
base a tax may be levied on it by the assessor in his discretion. 
Although this results in double taxation no relief has been found 
from it. 

The assessments made on utility property for storm drains, street 
improvements, sewers, etc., require that the records of physical 
property be kept in such a manner that suitable checks can be 
made and protests filed if unwarranted in allocation. 

The Pacific Coast Electrical Association also has a committee on 
Fixed Capital and at the last convention that committee suggested 
that a booklet be prepared “to explain in considerable detail what 
is intended to be included in each capital account of the California 
Railroad Commission classification of accounts’. Such a suggestion 
may be well to consider in this Section and in order to have uni- 
formity in both gas and electric capital accounts it might be well 
to have the two committees—from the P.C.E.A. and this Associa- 
tion—combine their efforts. 
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Accounting 77 Connection with 
Auxiliary Automotive Equipment* 


HE matter of accounting in connection with auxiliary auto- 

motive equipment, its uses, costs, etc., has been given a fine 

technical discussion in a paper by B. H. Parkinson, which 
was published in the Pacific Coast Gas Association Proceedings for 
1925 (Vol. 16, P. 87). 

A study of this discussion will convince the reader of the prac- 
ticability and necessity for accurate compiling of charges and equal- 
ized distribution of costs for this type of equipment.. 

It was decided that the most practical way 
to bring this subject up to date was to get in 
touch with representative companies and find 
out what was being done with these units in 
their current accounting. For this purpose a 
general questionnairet was formed and trans- 
mitted to each committee member. The 
questionnaire was designed to determine how 
charges were handled, costs distributed, how 
capitalized, method of depreciation, etc., sug- 
gestions for improvement of systems in use, 
or any new suggestion for improvement or 
economy in accounting. 


Present Practice 


Company A. “The company owns and 
operates practically all of the items shown 
on Page One of the questionnaire. These 
items are carried in Capital Account in one group as portable con- 
struction equipment. Each unit of construction equipment is car- 
ried as a separate capital item in our property record. 

“At the present time we are setting up depreciation on construc- 
tion equipment on a straight line basis, based upon the estimated 
life of the individual items of equipment, irrespective of whether 
or not the equipment operated. This present plan is unsatisfactory, 
and a revised method is being worked out by our auditing depart- 
ment. 

“The operating and maintenance costs of each item of equipment 
are charged to a clearing account from which these costs are dis- 
tributed to accounts and work orders on which the equipment has 
worked on a predetermined hourly or other unit basis. 


“Depreciation on the equipment is charged to the clearing account 
at the present time. Insurance, taxes, licenses and overhead costs, 
other than tool expense and supply expense, are not charged to the 
claring account at present. 

“The charges for use of the various items of equipment are 
distributed to the accounts and work orders on which the equipment 
has worked, on an hourly or unit basis, based as far as possible 
upon the actual cost of the operation of the units over a period of 
time. The labor used in connection with the operation of the equip- 
ment is not charged to the clearing account, but is charged directly 
to the account or work order on which the equipment is being used. 


“So far as our present accounting procedure is concerned, relative 
to construction equipment, we are dissatisfied with the depreciation 
methods, and also with the methods of distributing the cost of use 
of the equipment, and it will probably be changed in the very near 
future. It is hoped that our committee may help us with this 
matter.” 


Company B. “It would seem to the writer that the various 
pieces of equipment mentioned in the questionnaire to be studied 
by this committee, under the general heading given above, should 
be under the control of the Transportation Department. 

“This company has found that the best results are obtained when 
all such pieces of equipment as trenchers, boring machines, rollers, 
steam and gas shovels, tractors, concrete mixers, power pumps, air 
compressors, winches, trailers, pipe-wrapping machines, and blast- 
ing machines, and any other equipment of a similar nature are 
capitalized under one general account in the capital records, and 
then segregated according to the various types of equipment, and 
depreciation rates set up on the various segregations, according to 
the estimated life. 

“All operating and maintenance costs are charged direct to the 
individual car or piece of equipment involved. These charges in- 
clude gas, oil, tires, accessories, labor, mechanical replacements, 
batteries, insurance and a pro rata share, based on miles run, of 
miscellaneous garage expenses. Depreciation, while charged to the 
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segregation as a whole, is not allocated to the individual pieces of 
equipment, as it has been found such a practice is liable to lead 
to difhiculties. 

“By having a complete record of all indirect expenses incurred 
by the various pieces of equipment each month, and also a record 
of the miles run, or hours used, it is not hard to establish an equita- 
ble rate per hour or mile as the case may be. This rate is charged 
direct to the jobs using the equipment, the labor necessary to run 
and handle the equipment being a separate direct charge. 


“All expenses of the transportation department are charged to a 
clearing account and credits are obtained from the mileage run 
or hours used by the transportation department equipment at the 
rate assigned to each unit. Remaining debit or credit balances 
are carried over to the next month; in the event that the uncleared 
balance becomes excessive, rates are equitably adjusted to take care 
of the debit or credit balance, as the case may be. 


“It is our experience, if the miscellaneous equipment listed above 
is not kept under control of the Transportation Department, it is 
practically impossible to keep an accurate record of its total oper- 
ating costs, including depreciation, and necessarily is impossible 
to have an accurate uniform cost for the use of the equipment for 
any job to which it may be assigned.” 


Company C. “All of this type of equipment is capitalized as 
General Equipment. The depreciation is based on past perform- 
ance as to life expectancy and use. In case of new equipment, 
an estimate of life expectancy and use is made and later corrected 
in case such a correction is necessary. 


“Operating and maintenance costs on this equipment are accumu- 
lated to each unit. Operating labor is charged directly to the 
account or job on which the equipment is working rather than to 
the equipment itself. Depreciation, insurance, taxes, overhead costs 
and such general expenses are considered as operating costs of 
the units of equipment. 


“The charge for the use of the equipment is made in accordance 
with the hours used on the work done. The hourly rate used in 
charging for the use of each unit of equipment includes the actual 
operating expense and overhead. All operating, maintenance and 
overhead expense is estimated to determine the hourly rate to be 
used for each unit. Should the actual operating, maintenance and 
overhead expense over-run or under-run our estimates to a large 
extent, we investigate conditions that cause this difference as our 
estimates were determined by experience with similar types of 
equipment. After a thorough study of the matter, the rate can be 
raised or lowered as the case may be.” 


This member of the committee also suggested that a standard 
practice should be adopted in charging hours used for this type 
of equipment. At present he understands that in some companies 
time is charged from time of leaving shop until return, while in 
others only actual hours on the job are charged. We have found 
in three years of practical application that actual running time 
on the job gives the most equitable results. 


He also recommends that some method should be suggested for 
computing hourly rates for this type of equipment wholly used on 
large construction jobs. In my opinion, this use is a peculiar and 
individual one and should not be confused with ordinary operation 
and maintenance. Its rate should be determined from time to time 
on the large construction work so that all its costs are properly 
absorbed during this period and whatever value remains when it 
is returned to ordinary work should be charged out at the rate 
other units in this work have already determined. This is just the 
principle of equalizing. 

For instance, if 10 years is the life given the equipment when 
it starts on the job, this determines the depreciation rate. 
The additional operating rate can be determined by estimation 
either from experience or recommendation from other users. After 
six months operation a tair average will have been reached as far 
as minor operating expense is .oncerned and some adjustment may 
be necessary, although it must be kept in mind that the major 
operating expense, etc., may yet have to be incurred. After the next 
six months operation, a weighted average for the year should be 
used as the rate and each six months this average should be re- 
adjusted, using in each case the average (weighted) for the pre- 
vious year. 


Company D. “The class of equipment under consideration is 
capitalized under a miscellaneous capital account in each depart- 
ment, this account includes all tools (except hand tools) trailers, 
compressor tools, office furniture, etc., of sufficient value to be 
placed in this account. The maintenance of this equipment is 
charged to a maintenance account in each department, this expense 
is not distributed or prorated to the individual item of equipment 
and consequently is not charged to the jobs or accounts on which 
units operate. 

“The operating expense such as gasoline, oil, repairs, etc., is 
charged direct to the job or account on which the equipment is 
operating at time such expenses are incurred. 
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“The depreciation expense is charged to a general account for 
depreciation on all departmental capital and this expense is not 
charged or prorated to jobs or accounts. 

“This system does not lend itself to a ready analysis of costs, 
nor does it distribute the expense on an equitable basis to the jobs 
or accounts. It tends on the other hand to cloud the usefu.ness of 
this equipment, and does not give much chance to judge of the 
efficiency of the equipment itself or its operation.” 


Recommended Practice. 


From the foregoing reports and comments of the members of 
this committee and an additional discussion in which four of the 
members of the committee participated, the following conclusions 
have been reached: 

First, it should be decided just what equipment or tools would 
properly come under this heading. While a majority of this equip- 
ment is operated in connection with automotive units, yet there 
are other machines that are not. Included in this last group are 
such machines as trenchers, concrete mixers, steam shovels, steam 
road rollers, compressors mounted on trailers and semi-trailers. It 
is the opinion of the committee that all these units should be con- 
sidered in the same group. 

Any plan for accounting for this class of equipment, especially 
the collection and distribution of operating and maintenance ex- 
penses, must, of necessity, be general due to the widely varying uses 
of the same class of equipment by different companies within the 
Association. For example, a company operating wholly within a 
highly saturated district where distances from warehouse and 
shops to remote parts of the system are short, would not have as 
much use for trailers as a company operating in a widely scattered 
district where material must be transported from a central ware- 
house to district warehouses. ‘Therefore, the expense of operating 
trailers in the first company may be negligible, while in the second 
case, it may represent quite a considerable item. 

The plan submitted herewith is therefore general, the details 
of its operation being left to any company which may adopt it. 


Grouping of Equipment: Group 1. Trenchers, gasoline or steam 
rollers, tractors, gasoline or steam shovels, cranes, bulldozers, air 
compressors, or units of this approximate size. Group 2. Com- 
pressor tools, such as pavement breakers, tampers, or other tools 
of the same approximate value. Group 3. Concrete mixers, power 
pumps, trailers (including portable tool boxes), or similar units. 


Capital Records: These should all be capitalized under one 
general equipment account. [n the first group the units of this 
class are of sufficient value to be carried as individual accounting 
units. In the second group the various tools used in connection 
with compressors should be carried as one accounting unit. In the 
third group the units should be divided into convenient classes and 
each class considered as an accounting unit. 


Depreciation: Should be based on estimated life, this life should 
be divided into a total unit of use and depreciation set up as these 
units of use are accomplished. 


Operation and Maintenance Costs: Should be charged to one 
general clearing account under the accounting number of the unit 


concerned. 


Overhead ad Miscellaneous Expense: Should be charged on an 
equitable basis to each accounting unit. In the case of the second 
group all charges should be prorated against the compressor units 
at the end of the accounting period. 


Distribution of Costs: At the end of the month all these charges 
gathered properly to each one of these accounting units under one 
general clearing account should be cleared against the jobs or ac- 
counts upon which the equipment operated on an equalized unit 
or group cost basis. This cost basis should be a weighted average 
based on the previous years’ experience and should be changed 
each six months. 

Labor used in connection with the operation of the units on the 
jobs or accounts should be a separate direct charge to these accounts 
or jobs and should rot be considered as a charge to the unit. 
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For estimating purposes, comparative job costs, etc., it may be 
found desirable to express these unit costs in some other form. As 
in the case of pipe-laying work, it might be required to extend the 
costs of the equipment used in terms of completed production. 
When a study of this nature is made, the system here outlined will 
be found readily adaptable if used in connection with the necessary 
field reports, 


QUESTIONNAIRE FOR “ACCOUNTING IN CONNECTION 
WITH AUXILIARY AUTOMOTIVE EQUIPMENT.” 


In order to clarify the foregoing report, the questionnaire (men- 
tioned at various times) is appended. It will give in more detail 
the equipment to be considered as “Auxiliary” and it was on this 
basis the individual committee members prepared their reports and 
suggestions: 


Classes of Equipment to Be Studied: 


1. ‘Trenchers 

2. Boring Machines 

3. Rollers (Gasoline or Steam Driven) 

4. Shovels (Gasoline or Steam Driven) 

5. ‘Tractors 
(a) Cranes, (b) Bull Dozers, (c) Tractor Trucks. 

6. Concrete Mixers 

7. Power Pumps 

8. Air Compressors 
(a) Mounted on Trucks, (b) Mounted on Trailers. 
(Are air guns and other compressor tools, capitalized with 
compressor unit?) 

9. Winches 

10. Trailers 
(a)Portable Tool Boxes, (b) Equipment, (c) Material. 

11. Pipe Wrapping Machines 

12. Sand Blasting Machines 

13. Any other equipment of a similar nature 


Accounting Methods, Capital Records: 


1. To what class of capital is the type of equipment charged? 
2. Is each unit carried as a separate item or is it grouped? 

3. On what plan is depreciation based ? 

4. Discussion. 


Accounting Methods, Operation and Maintenance: 


1. Are operating and maintenance costs of the type of equipment 
accumulated to each unit; or are these charges made to some 
blanket account; or are they charged directly to the job or 
account upon which the unit is working at the time of charges 
originating ? 

2. Are depreciation, insurance, taxes, licenses, and miscellaneous 
overhead charges made as an operating expense charge item 
against the unit? If not, just how are these charges handled; 
do they get into the particular jobs as direct charges, or are 
they accumulated to some clearing account and redistributed 
on some proration basis? 

3. Are the costs of these units computed on a mile, hour, day 
or some other equalized unit of cost for comparative, estimat- 
ing and accounting records? 

4+. On what basis are charges made for the use of this equipment? 

5. Do these charges include the actual expense of the operation 
of the unit and all overhead, or is some arbitrary or equalized 
method of charging used? 

6. Is operating labor in connection with this equipment charged 
as a part of the equipment expense, or is the labor charged as 
a separate item directly to the job or account concerned? 
Discussion. In this discussion please enlarge upon the defi- 
ciencies or advantages of your present system. If you have in 
mind any improvement either in the compiling of office records 
or field operation of this type of equipment it would be of 
value to express your ideas in detail. Keep in mind the value 
to be obtained from the ultimate results of any such change 
from. an engineering as well as an accounting viewpoint. 


“I 
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Domestic Meter Reading and 
Bill Delivery 


By Wn. O. MULLIGAN 


Systems Supervisor 
Southern California Gas Company 


N these days of economic adjustment, business organizations are 

constantly confronted by perplexing problems of what to do with 

employees whose duties are greatly lightened by adverse condi- 
tions. Public utilities, more than any other group, keenly feel their 
responsibility to the employee and are making the most strenuous 
efforts of all to solve such problems. 

Seldom does such conscientious adjustment boomerang to the last- 
ing credit of the organization. Our organization, however, actually 
did experience—in a small way—such a 
boomerang when the method of delivering 
customers’ bills was changed. This change, 
inspired by an honest endeavor to keep regu- 
lar employees on the payroll, resulted in a 
substantial saving to the company in bill de- 
livery. 

It is the purpose of this paper to show that 
opportunities exist in all phases of meter 
reading and bill delivery for the improve- 
ment of public relations and efficiency and 
maintaining of average unit cost. Division 
and district offices should plan their working 
schedule so that a uniform number of meters 
are read each working day, which will it 
in the same volume of work passing throug 

Wm. O. Mulligan the other sections of the department daily. 
Efficiency and accuracy of meter reading determines, to a great 
extent, the efficiency and accuracy of billing and bookkeeping, 
while efficiency of bill delivery determines, to a great extent, the 
efficiency of the collection section in making collections. 

No more important function in the daily routine of a customer 
department exists than that of meter reading. Opinion varies as to 
whether a meter should be read from right-to-left or from left-to- 
right. Our experience has been that greater accuracy is secured 
when the meter is read from right-to-left. The reason for this 
seems to be that there is more of a tendency for a meter reader 
to re-check himself when reading in this manner. We have made 
it a practice in most of our districts when breaking in a new 
reader to instruct him to read from right-to-left, but if we employ 
a meter reader with previous experience who has been taught to 
read from left-to-right, we do not ask that he change his method of 
reading, for a change from one method to another invariably re- 
sults in a greater number of errors. 


Result of Errors in Reading 


Errors made in meter reading prove costly to the company. If a 
meter is under-read in closing a customer’s account, the result is 
usually a loss of revenue equal to the error. It is unfortunate, but 
nevertheless true, in the majority of cases where the error is an 
under-read, that the customer pays the bill, closes his account, and 
moves before the error is discovered. If the meter is over-read, 
there are immediate grounds for complaint, and, unless handled in 
a diplomatic manner, these usually result in destroying any confi- 
dence the customer may have had in the company. 

Public relations can be damaged not only by errors when closing 
accounts, but by similar errors made on our regular open accounts. 
A meter under-read at the regular reading period invariably results 
in a disageeable controversy with the customer. The bill on which 
the error in reading is made naturally is not questioned. However, 
the fact that the meter was under-read, causing the following bill 
to be correspondingly high, is always a difficult matter to explain 
to the average customer! Errors of this kind, which directly affect 
the size of a customer’s bill, do not tend to build up the public 
relations which every conscientious employee should strive to main- 
tain. 


Public Contact 


Meter readers should be reminded constantly that they contact 
more of our customers throughout the year than any other group of 
employees. Most customers judge the company by its employees, 
and, since the meter reader and bill deliverer are the only employees 
they see month after month, their impressions of the company are 
naturally formed from these contacts. In our organization, we in- 
struct our meter readers and bill deliverers to be courteous and 
polite at all times, and also, to be neat in their petsonal appearance. 
They are instructed to answer questions upon which they are in- 
formed, but, if a question concerns something with which they are 
not familiar, their instructions are to inform the customer that they 
will be glad to refer it to their superior for an answer. 
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We furnish our readers with a form, the same size as our meter 
reading record, which is inserted in the back of the meter book. 
This form is known as Meter Reader’s Daily Report, and all re- 
quests by the customer, or information valuable to the company, 
is entered and turned in at the end of each day. This report usually 
contains various information such as, “Vacant House’ (where cus- 
tomers have moved without closing their accounts), requests for 
adjustment of appliances, and complaints of any nature. 


Executives, when analyzing meter reading, usually consider pub- 
lic relations, efficiency, and costs, in that order. It is imperative 
that public relations come first, for, even though efhciency and 
costs are satisfactory, if public relations are lacking, there is failure 
in the one phase of the business upon which the existence of the 


utility depends. 


Public Relations 


When instructing new meter readers the tendency may be to 
overlook public relations and concentrate on efhciency and costs. 
In my opinion this is a mistake, for a meter reader, even though 
in many cases he is a new man knowing nothing whatever about 
the company and its policies, can be a very definite factor in estab- 
lishing and maintaining good public relations. 


In order to establish and maintain good public relations, serious 
consideration should be given to the type of employee placed on 
this class of work. He should be a man of average intelligence, 
capable of discussing freely with the customer regarding his work, 
and, through this discussion, leave the impression of a polite and 
dignified company representative. He should never discuss matters 
with which he is not familiar, but, at the same time, should be the 
type of man that will familiarize himself with company policies 
and procedures regarding those things on which he is most fre- 
quently questioned. One of the most frequent questions asked a 
meter reader is: “How much will my bill be this month?” While 
it is perfectly natural with some imeter readers to evade this ques- 
tion, it would leave a much better impression with the customer if 
the meter reader was familiar enough with the rates to quote the 
approximate amount of the bill. 


A meter reader should bear in mind at all times that he spends 
the greatest part of his day on the private property of our cus- 
tomers. He often fnds it necessary to remove lattice framework 
when reading a meter under the house, to travel in and around 
expensive shrubbery, and to cross yards or lawns. Unless he is care- 
ful and considerate, he may cause some damage which coul:! result 
in a complaint, or, if no complaint was registered, cause the cus- 
tomer to harbor a feeling of dissatisfaction against the company. 
It should be considered one of the duties of a meter reader immedi- 
ately to notify the customer of any damage actually caused while 
reading a meter. If no one is home at the time, a written report 
should be turned in at the end of the day, so that the customer may 
be notified either by letter or personal call. I have one incident in 
mind which will illustrate this point very clearly. A few months 
ago one of our collectors called on a customer to perform the un- 
pleasant duty of discontinuing the service for non-payment of bills. 
While on the premises he accidentally dropped a flower pot from a 
ledge, breaking it. It happened, in this case, that there was no one 
home at the time of the accident, and a report was turned in to the 
office at the end of the day. However, before a letter could reach the 
customer, the collector happened to be in that district again and, 
on his own initiative, duplicated the flower pot, delivered it to the 
customer, and told her how sorry he was that he was responsible 
for the accident. This little incident, small as it was, naturally 
made a good impression on the customer. The final result was 
payment of the delinquent bills, re-establishment of service, and a 
customer who, instead of condemning the gas company for high 
handed procedures, was satisfied that she had received treatment 
which warranted an entirely different attitude. This little incident 
is one which may be experienced by any employee whose duty calls 
for continual visits to our customers’ premises, and only goes to 
prove that it is the little courtesies and thoughtfulness on the part 
of employees making these calls that directly affect our public re- 
lations. 

Another important factor in connection with public relations 
created by our meter readers is the receiving of complaints. It is 
apparently a common practice with some of our customers to wait 
for the meter reader so that they may register a complaint regard- 
ing leaks, high bills, or any other miscellaneous complaint. Our 
meter readers have definite instructions regarding such complaints. 
They are instructed to receive them courteously, secure all the in- 
formation necessary, and inform the customer that they will have 
an inspector call and make a thorough investigation. They are 
also instructed not to give any opinions regarding the individual 
complaint which might lead the customer to feel that he has some 
irregularity causing his bill to be high. Instead, he is instructed 
to convey the idea that the inspector will furnish coriplete informa- 
tion regarding conditions as he finds them, and that full explana- 
tion giving the result of the inspection will be mailed to him when 
completed. Meter readers can be responsible for a satisfactory 
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handling of many complaints received by them by the impression 
they make on the customer when they receive the complaint. On 
the other hand, if some statement is made by the meter reader 
which is not verified by facts found at the time of the investigation, 
many unpleasant controversies may arise. 


‘Efficiency and Cost 


Efficiency in meter reading is maintained through constant review 
of instructions to meter readers regarding the importance of their 
work, through periodical examinations of meter reading routes, and 
through a monthly analysis of cost per meter for this class of work. 
As heretofore stated, we are continually reminding our readers of 
the importance of their duties and pointing out to them the result 
of incorrect readings. 

To maintain the highest degree of efficiency from these employees 
who perform the tedious, tiresome task of reading meters, they 
must be made to feel that they are an important part in the organ- 
ization. The reward for conscientious performance of their duties 
should be expectation of promotion to a better position at the first 
opportunity. Unless this incentive exists, it would indeed be difh- 
cult to maintain a highly efhcient meter reading force. 


In the Los Angeles District of our organization we have ap- 
proximately 90,000 meter readings each month. Our reading force 
consists of nine meter readers who are supervised by a chief meter 
reader. 

The chief meter reader’s duty is to instruct new employees and 
see that they are fully aware of the responsibility of their work, 
to assign and supervise the work of the entire group, and to make 
all re-reads and verifications of meter readings that have been 
skipped or appear incorrect. It would seem from this outline that 
the chief meter reader is a very busy man, but, as a matter of fact, 
the number of skip reads and incorrect reads are so very few that 
it does not take all of his time to complete this work. A con- 
siderable amount of the chief meter reader’s time is available for 
other duties and is utilized by the collection department for special 
calls in those districts where he finds it necessary to travel each day. 


The monthly average per man per month in the Los Angeles 
area is approximately 10,000 readings. Figures taken from an efh- 
ciency record maintained in our Los Angeles office show that in the 
month of May we had 97 skipped readings and 50 re-readings 
sent into the field for verification. Out of the 50 sent out for veri- 
fication, we found 16 incorrect readings, which is an average of 
approximately 1.8 errors per man per month. This average does 
not mean that each man makes one or two errors per month, for 
our records show that we have some men who go month after 
month without an error. 


The average of 10,000 readings per man per month would indi- 
cate that each man was reading approximately 400 meters per day 
in a 25-day month. This, of course, is true as far as the average 
goes for the month, but there are days when the number of readings 
is far greater than that. Our largest day during the month was 
one on which the nine readers read 4,880 meters, or an average of 
approximately 542 per man, while our smallest day was one on 
which only 2,114 were read, or an approximate average of 235 
readings per man. The daily average per man depends entirely on 
the district being read. The_542 readings per man is in a congested 
district in which there are many apartment houses, while the aver- 
age of 235 is for a more scattered district where considerable more 
walking is required. 

Our yearly average cost for reading domestic meters in the Los 
Angeles district ranges between $16 and $17 per thousand meters. 
This average is maintained consistently throughout the year in the 
metropolitan area around Los Angeles, but in some of our outlying 
districts it ranges between $17 and $18 per thousand meters. The 
reason for this can be readily understood when it is known that in 
the widely scattered territories it is necessary to furnish transporta- 
tion. This, of course, means that the average number of meters 
read per man per day is somewhat lower than in the metropolitan 
area. 


In all of our districts meter readings are listed on a meter read- 
ing record approximately 6x9 inches in size. This record is carried 
by the reader in a Kalamazoo binder while in the field, and as 
soon as completed, is turned over to the bookkeeping section, re- 
moved from the binder and filed in a vertical meter reading record 
file. There, it is referred to and worked on continuously through- 
out the month. In all of our districts, except in Los Angeles, read- 
ers are required to make sutbractions, but in Los Angeles this part 
of the work is done by a night clerk who is kept on duty to answer 
emergency telephone calls. Requiring the readers to make subtrac- 
tions at the time the meters are read does not seem to make any 
appreciable difference in their production. In many cases, it is a 
help to them in verifying the correctness of the readings. In addi- 
tion to the name and address, our meter reading record carries 
meter number, size and kind of meter, meter location, date set, date 
turned on or off, deposit number and amount, and, on the back, a 
record of all complaints and miscellaneous orders taken pertaining 
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to the account. This record is printed on a 24-pound ledger paper 
and runs for a period of three years before being transferred to 
new sheets. 


Bill Delivery 


There are three methods commonly used by public utilities for 
presenting bills to their customers. They are: 


1. Presentation through the mail. 

2. Presentation by collectors who are expected to collect the bills. 

3. Presentation by bill delivery men who do not endeavor to make 
collections. 


Our organization has used all three of these methods and has 
found each to have its advantages and disadvantages. For several 
years prior to January, 1930, our bills were presented by collectors 
who tried to make collection at the time the bills were presented. 
In January, 1930, we adopted the plan of mailing all bills, which 
was continued until July, 1931, when we adopted our present plan 
of bill delivery. The decision to change from collectors to mailing, 
in 1930, was made in an effort to improve public relations. We had 
been receiving some unfavorable comments from our customers. 
There were a few who did not approve of having collectors calling 
on them for the purpose of collecting a bill. Some of the other 
utilities in Los Angeles had been mailing their bills for some time, 
and many of our customers had requested that their gas bills be 
presented in the same manner. 


We kept a record of comparative costs between the presentation 
by collectors and bill mailing methods and found that there was 
very little difference in cost between the two methods. Prior to 
1930 when we used collectors, our labor cost was approximately 
$38 per thousand accounts, which due to the transfer of men on 
this class of work to other departments reduced the cost to approxi- 
mately $18 per thousand accounts. Adding to this new labor cost 
the postage expense, we again had a total average cost of approxi- 
mately $38 per thousand accounts, which was maintained consist- 
ently throughout the year of 1930. Between January, 1931, and up 
to July, 1931, when we adopted the bill delivery plan, our total 
average cost was reduced to approximately $37 per thousand ac- 
counts. This was due partially to the fact that during the first 
few months of the mailing plan we found it necessary to retain 
part of our collection force for the purpose of securing addresses 
on bills which did not carry the correct mailing address under the 
old collection method. In 1931 we did not have this added ex- 
pense. Consequently, our average cost was lower than it was 
under the previous plan. 

We found mailing of bills to be very satisfactory, and, in many 
ways, an improvement over the former method of collecting. We 
received more favorable comments from our customers than we 
did unfavorable. Therefore, it seemed to be better than the 
former method from a public relations standpoint. We did find, 
however, that the work of our cashiers in the office and receipts 
by mail increased considerably, but this was partially offset by the 
elimination of checking collectors in and out of the office each day. 
Another advantage of this plan was that it brought many more 
customers into our office where they became acquainted with the 
company through personal contact, and many of them who had 
never known of the new improved gas appliances sold by the 
company purchased or became prospects for the purchase of new 
appliances. 

Bill delivering, if done properly, has all of these advantages, 
and in addition the added advantage of being more economical. 
We adopted this plan, it will be recalled, more from necessity than 
for any other reason, as it was put into effect to keep some of our 
employees at work in face of adverse conditions when it was 
necessary to cut down in some of our departments because of lack 
of work. We adopted the plan in every division and district of the 
company, where it has proved economical to do so. However, in 
some of our outlying districts where our accounts are few in num- 
ber and extremely scattered we still find it more advisable to mail 
the bills than to deliver them. The bill delivery method is similar 
in every way to mailing except that instead of being placed in the 
mail, bills are given to one of our own employees to deliver. Pro- 
cedures outlined briefly are as follows: 


Bills when received from the bookkeeping section are placed in 
window envelopes se that the mame and address appear in the 
window. One or more folders advertising the use of gas or new 
appliances are also placed in the envelope which is sealed ready for 
delivery. During the various steps of preparation, bills are kept in 
route order, and, when finally placed in the envelopes, are still in 
that order and ready to be turned over to a delivery man. The 
envelopes used are exactly the same size as No. 13 Government 
envelopes, but instead of carrying the regular return address of the 
company, we have printed on them in red bold face type “GAS 
BILL—DO NOT DESTROY”, under which is the name of the 
company. This is done for the reason that bill delivery men, be- 
cause of postal regulations, are not permitted to place the bills in 
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mail boxes. ‘Therefore, it is necessary to place them in or under 
the door where they will be found by the customer. The first 
inclination on the part of the customer, when finding his bill under 
the door, is to throw it away, but, when attention is called to the 
fact that it is the gas bill, there is very little danger of this. We 
have had some comments from our customers regarding the placing 
of bills in or under their doors. Some of them, not understanding 
the reason we do this, write in demanding that their bills be placed 
in their mail boxes. 


This is one point having a direct bearing on public relations 
which I think is better taken care of under the mailing plan than 
under our present plan of bill delivery. There is no doubt that 
some of our customers, when they find their bill under or near their 
door with a mail box handy, feel that the man who delivered the 
bill was negligent. We have found, however, that when we ex- 
plained to them that postal regulations do not permit the use of 
mail boxes, they look at it in a different light.* 

As previously stated, the cost of delivering bills is considerably 
less than mailing. In our Los Angeles District we deliver our 
bills for a labor cost of approximately one cent each, which, when 
compared with the former postage rate of two cents for mailing, 
represents a saving of approximately $10 per thousand for bills 
delivered. In additiqn, this plan has provided employment for 
several employees who otherwise might have been out of work, 
or working only part time. 

Records in our bill delivery force maintained in our Los Angeles 
office show that the average number of bills delivered by each man 
is approximately 10,500 per month. This would indicate that the 
daily average delivery per man for a 25-day month would be 
approximately 450 bills per day.» This does not mean that each man 
delivers 450 bills each day, as there are several days during the 


*Since this paper was written the American Gas Association has issued a 
bulletin stating that it is not illegal for a utility to deliver its bills and that 
such delivery may be made into private mail boxes. This procedure would greatly 
benefit bill delivery in that it will overcome the objections of many of our custo- 
mers who now object to leaving their bills in or under the door. 
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month when the average falls far below that figure. During the 
month of May the smallest number delivered by one man in one 
day was 180 bills, while in the same month the largest number de- 
livered in one day was 628 bills. The number of bills per man 
per day delivered depends entirely on whether the delivery is made 
in congested territory or whether in a widely scattered territory, 
and, consequently, the cost of delivery either increases or decreases 
according to the territory. 

In outlying districts away from the metropolitan area the same 
daily average cannot be maintained. In these districts the number 
of bills per man delivered each month ranges between 7,500 and 
8,500 bills. The daily average, instead of being 450, as in the 
metropolitan area, ranges between 350 and 375. ‘This, of course, 
results in a higher unit cost, which usually ranges between 1.2 
cents to 1.5 cents per bill, instead of the one cent rate in the more 
congested areas. 

Bill delivery men are not permitted to make collections. They 
are instructed to inform the customer if offered payment for a bill 
that they are only delivering and are not authorized to make collec- 
tion. We have had no serious trouble in this connection. It so 
happened that when we adopted the bill delivery plan we had been 
mailing our bills a long enough period for our customers to become 
accustomed to paying by mail, but there is no doubt if we had gone 
to the bill delivery plan from our former plan of collectors we 
would have had considerable more trouble putting it into effect. 

In conclusion, I would like to emphasize once more the import- 
ance of public relations in connection with bill delivery. Employees 
on this class of work must realize that they have the same respon- 
sibility as meter readers, for they, too, are making the same con- 
tacts in representing their company. It is true that errors made by 
meter readers may get the company into more difficulties than a 
bill deliverer who misplaces the bill, but on the other hand, the 
prompt and accurate delivery of bills results in better collections. 

From a public relations standpoint, there are many things that 
can be said in favor of the mailing of bills, but from an econom- 
ical standpoint, there is no reason why, with a well trained and 
efficient bill delivery force, the same results cannot be obtained. 
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COMMERCIAL SECTION 


F. M. Banks, Southern California Gas Company, General Chairman 


Promotional Domestic Rate Structure 
and inducement of Domestic Business 


By E. H. WETLAUFER 


Rate and Appraisal Engineer 
Southern California Gas Company 


ODAY competition in all lines of business is severe, distress- 

ing, and in some instances, difficult to endure. Full recogni- 

tion of competition in the gas business in the past has been 
generally limited to the commercial and industrial market. In the 
domestic field, gas is in direct competition with other fuels and 
services for the basic use of cooking as well as uses of water heating 
and house heating and the more competitive uses of refrigeration 
and incidental home uses. Complete and full admittance of this 
competitive condition has been slow in the gas industry. Within the 
last few years the existence of serious electric competition in the do- 
mestic market has been acknowledged and admitted by utilities and 


particularly by the gas utilities of the North 
Pacific Coast. Under today’s depressed gen- 
eral business conditions, more careful con- 
sideration may well be given to the protec- 
tion and further acquisition of the prime 
source of revenue of the gas industry, name- 
ly, the residential domestic service. 

Again, in the past, restriction and limita- 
tion of class rates by the gas industry to the 
commercial and industrial market has been 
the accepted general procedure. Promotional 
class rates for residential services have been, 
within the past, more fully recognized and 
applied by the electric industry. With the 
development df the power business and the 
inherent increase in production, the charac- 
teristics of the attached load and business of 
the electric utilities have, in many instances, 
changed so materially that the lighting peak is no longer the con- 
trolling factor. In certain sections of the country the electric 
utilities have been engaged up to the very near present, in acquir- 
ing such power business as industrial, water pumping, railway 
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Fig. 1. Comparative chart of sales, revenue and customers for various classes of domestic appliance installations, as developed 
from actual survey of homes in some 20 communities, towns or cities (natural. gas service). 
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TABLE NO. 1. 
TYPE AND NUMBER OF DOMESTIC APPLIANCE INSTALLATIONS 


As Shown by Actual Field Survey of Homes in Some 20 Communities, Towns or Cities—(Natural Gas Service) 


Type of Appliance 


Number Percent Number Percent Number Percent 


Community, Town or City Having 


Total Territory Maximum Saturation Minimum Saturation 


(1) (2) (3) (4) (5) (6) 


Cooking Appliances 


as 


NN i oe eee Sineans EP PRa Cee Sr Ue 


Cookers 


W ater Heater Appliances 
Gas 

Automatic ............ IO AAs GARRET arc IPP AD Reo 

a a ci calcein mane a ainencedeaOieiant eiteamoe ones 


House Heating Appliances 
Gas 


Electric 


natural gas from 5 to 10 years. 


Total Wee et Tethes a cea Daren 


Pa we aces re in 5 


IO ce ee PE EE oe eas Eg FR ac a eas coe 


Total Number of Homes.............. RA cot si neal: Ee, IT a 


ge ERERE IG SASEESIGS re eaaeed eae eae SN FT aT ee Te aiimangtiee cece, 
Auxiliary Space Heaters............. SS NRA pichanssinlelanics dante teas a 


Total Gas Space Heating Appliances........................0......... 


Total Number of Homes....... POR REO ENS ORE CRE R 


Note: For purposes of illustration, only principal appliances enumerated. Towns herein tabulated have been served with 


16,522 80.3% 5,047 88.1% 190 43.9% 
1,609 7.8 468 8.2 24 5.5 


18,131 
634 3.1 80 1.4 48 11.1 
406 2.0 12 0.2 59 13.7 

26 0.1 4 0.1 5 1.2 
994 4.8 104 1.8 87 20.1 
384 4.5 


20,575 100.0% 5,727 100.0% 433 100.0% 
5,848 28.5% 2,128 37.1% 40 9.2% 
11,015 53.5 3,114 54.4 134 30.9 


16,863 32.0 5,242 91.5 174 40.2% . 
204 1.0 12 0.2 48 11.1 

62 0.3 4 0.1 16 3.7 

4 0.02 _ — — — 

76 0.4 _ _— 28 6.5 
3,366 16.3 469 8.2 167 38.5 
20,575 100.0% §,727 100.0% 433 100.0% 


1,096 5.3% 614 10.7% 4 0.9% 
13,572 66.0 4,134 72.2 117 27.1 
14,668 71.3 4,748 82.9 121 28.0 : 

120 0.6 40 0.7 9 2.1 
198 1.0 17 0.3 17 3.9 : 
171 0.8 57 1.0 17 3.9 

5,418 26.3 865 15.1 269 62.1 


5,727 100.0% ~ 433 


20,575 100.0% 100.0% : 


and mine loads. For compensation of unbalanced class loads, for 
saturation of power lines, and for betterment of load factor, the 
electric utilities must of necessity, and gradually have been en- 
croaching on the logical market of the gas utility—the residential 
domestic cooking and heating business. In this field, gas is only 
one of the many fuels and in addition to meeting electric competition 
is in direct competition, even in metropolitan districts, with coal, 
coke, wood, distillate and oil. In the natural gas business, complete 
realization of the effect of those competitive fuels, perhaps has not 
been incurred; neither, on the other hand, has the domestic gas 
market been fully developed or saturated. 


Market Survey 


In the development of a promotional domestic rate structure, the 
first step is the determination and appraisement of available domes- 
tic business. In most cases, especially under present day depressed 
conditions necessitating limited expenditures, a cross-section survey 
of present business with an office analysis of the usual available 
domestic service statistics, will furnish all the needful and useful 
basic data and statistics for such an estimation. Often, it is be- 
lieved, the failure of domestic rates to be inducive and promotional 
may be attributed to the failure to correlate and to equate gas rates 
to the actual uses and promotional requirements of the domestic 
customer and to actual competitive fuels and services. 

In past proceedings of this Association and the American Gas 
Association, methods of conducting such a survey have been well 
outlined. In making such a ‘survey, a given territory may be 
divided into districts with each district assigned a name or number 


for analytical reference. A general field survey of each district, 
under proper supervision, will indicate the number and the type 
of domestic customers to be contacted in order to derive a typical 
and true cross-section of gas customers and domestic uses of each 
district or section.* In addition to furnishing a statement of new 
business, such a survey should provide appliance replacement pros- 
pects for the new business department and should prove beneficial 
in formulating advertising and publicity programs. 


Dependent on the purpose and the desired completeness of the 
rate development study, past and present general statistics of town, 
city or territory may be gathered, such as post office receipts, build- 
ing activity, industrial activity, bank deposits, telephone customers, 
water customers, electric customers, school enrollment, and govern- 
mental censuses. Further, the general characteristics of each dis- 
trict, if not known, should be recorded and studied in order to 
ascertain the ability of prospective customers to purchase appli- 
ances and pay all necessary charges incurred for services to be 
rendered. 


The market survey should cover unserved domestic territory. 
With most gas utilities, the unseryed territory may develop into 
a surprisingly large area or territory that can be effectively and 
economically served if a liberai extension policy is adopted. Back 
of the tremendous development of the electric industry is the in- 
herent economic ability to cover and extensively serve large areas 
or territories and neither have the electric utilities been lax in 


*See report of Committee on Load Value of Appliances for survey methods, 
forms and data. 
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TABLE NO. 2 


AVERAGE ANNUAL CONSUMPTION AND REVENUE PER 
DOMESTIC CUSTOMER ACCORDING TO TYPE 
OF APPLIANCE INSTALLATIONS 


As Developed from an Actual Field Survey of Homes in Some 20 
Communities, Towns or Cities—(Natural Gas Service) 


Annual 
Per cent Consumption Revenue 
of per per 
Type of Gas Appliance Installations Total Customer Customer 
Hot Plate Only ....... 0.73% 9.7 $15.57 
Tank Water Heater Only 0.21 13.2 20.05 
Range Only ERED SPS BERRI a, Nec ORE Ne 6.34 16.3 22.50 
Range and Tank Water Heater.......... 11.56 21.9 28.02 
Range and 1 Auxiliary Space Heater 5.09 22.3 28.68 
Tank Water Heater and 1 Auxiliary 
Heater 0.46 24.6 30.75 
Range, Tank Water Heater and 1 
Auxiliary Space Heater 32.17 28.0 34.18 
Range and Automatic Water Heater... 2.50 31.8 40.18 
Range, Tank Water Heater and 2 
or more Auxiliary Space Heaters.... 8.80 33.6 39.98 
Range, Tank Water Heater and Floor 
I inci 1 cacilich eesieibilins Gacgeccnsilaabaamioniicol 0.13 36.0 38.39 
Automatic Water Heater and 1 Aux- 
iliary Space Heater 0.29 38.5 47.56 
Range, Automatic Water Heater and 
1 Auxiliary Space Heater 12.60 40.0 47.14 
Range, Automatic Water Heater and 
2 or more Auxiliary Space Heaters 8.89 45.5 51.82 
Range, Automatic Water Heater and 
I< a 0.71 50.0 57.43 
Range and Unit Furnace...................... 0.15 55.8 62.20 
Range, Tank Water Heater and Unit . 
RE ARE SRE MIRE i are 1.00 62.5 69.35 
Range, Automatic Water Heater and 
Unit Furnace ... 3.80 74.6 78.62 
Other Miscellaneous Installations........ 4.57 32.4 40.57 
-  iRlias RSS Ea eas ae Siem 100.00% 
CRD ERS A 32.3 $38.71 


Note: Annual normal degree days of communities, towns or 
cities surveyed varies from Minimum of 1,731.0 to Maximum 


of 2,031.0. 


DERIVED LOAD VALUES OF PRINCIPAL GAS 
APPLIANCES 


(Range .Assumed as Primary Load and Water Heating 
and Heating Taken as Secondary and Tertiary 
Incremental Loads) 


Annual 
Consumption Revenue 
Appliances (Average All Sizes) Per Customer Per Customer (a) 
M. cu. ft. 

OS en i Oi as i ae 16.3 $22.50 
Tank Water Heater ........ Lop DERI SS 5.1 5.57 
Automatic Water Heater......................... 17.3 18.32 
Auxiliary Space Heater.................0......... 6.7 6.46 
I 17.6 16.21 
Eee SRR ae aR OE NY ST EEO ED 42.4 39.04 


Note: (a) Actual revenues; variation in average rate per 
M. cu. ft. due to various usages of customers under the effective 
block rate. 


extending lines nor have they been governed by a restricted main 
extension policy. The ratio between gross revenue and invested 
capital of many such electric extensions exceeds similar possible 
revenue and capital ratios for gas utilities. Nevertheless, extension 
policies of competitive electric utilities of the territory under con- 
sideration may well be studied. Extension policies of electric com- 
panies of the Pacific Coast—Northern, Central and Southern, may 
well be used as a guide for outlining similar extension rules for 
gas utilities, notwithstanding the fact that the same amount of 
territory may not be covered or reached. Perhaps, due to the 
financial condition of the company, a given gas utility expects to 
acquire immediate or near immediate extension business on the 
basis of full cost of service including fair return. Application of 
the cost analysis principle of “excess cost” or “additive cost’ may 
well be studied and applied in the revision of the extension policy. 
Realization of bond interest in lieu of fair return, with operating 
expenses predicated on “out-of-pocket cost of service’ as the base 
for estimation of free extension allowance, may open new territory 
to the given gas utility. Easy availability of gas service at time 
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TABLE NO. 3 


ANALYTICAL SUMMARY OF DOMESTIC CUSTOMERS 
AND GAS CONSUMPTION ACCORDING TO ROOMS 
OF HOMES SERVED 
As Developed from an Actual Cross-Section Survey of Four Cities— 
(Natural Gas Service) 


M cu. ft. Consumption 


Size of Homes Consumers Per Per Room 
According to Rooms Number Percent Consumer Per Consumer 
2 Room Homes.......... 16 0.38% 15.4 7.7 
3 Room Homes.......... 185 4.41 18.8 6.3 
4 Room Homes.......... 626 14.92 22.4 5.6 
5 Room Homes.......... 1,568 37.34 29.9 6.0 
6 Room Homes.......... 1,001 23.84 36.1 6.0 
7 Room Homes.......... 409 9.74 39.9 5.7 
8 Room Homes........ . 160 3.81 44.5 5.6 
9 Room Homes.......... 95 2.26 57.7 6.4 
10 Room Homes.......... 61 1.45 61.6 6.2 
11 Room Homes.......... 18 0.43 76.6 7.0 
12 Room Homes.......... 19 0.45 52.9 4.4 
13 Room Homes.......... 12 0.29 55.5 4.3 
14 Room Homes.......... 14 0.33 47.9 3.4 
15 Room Homes........ | 4 0.10 18.6 1.2 
17 Room Homes........ 2 0.05 8.7 0.5 
18 Room Homes.......... 1 0.02 105.3 5.9 
20 Room Homes.......... 6 0.14 60.0 3.0 
23 Room Homes......... 1 0.02 147.6 6.4 
30 Room Homes.......... l 0.02 64.9 2.2 

i, Sia 4,199 100.00% 

Aveteegse 4... 32.9 5.9 


Note: Annual normal degree days for cities surveyed varies 
from a Minimum of 1931.0 to a Maximum of 1992.0. 


of construction of new houses develops “all gas” homes, as the 
“deposit” required for gas extension under restricted policy, may 
economically prohibit gas service, and later displacement of newly 
installed electric and oil equipment is delayed for five or 10 years 
from time of gas main installation. In addition to an inducement 
form of domestic rate structure, an inducement form of gas exten- 
sion rule should be adopted. 


Market Analysis 


With completion of field survey, the first step of the problem is 
accomplished. The second step is the analysis of attached business 
and the estimation of available business. Preliminary to this, an 
analysis of usual statistics compiled by gas companies should 
develop the monthly and annual usages according to blocks of 
present domestic schedules, the M cu. ft. sales and revenue per 
meter, monthly and annual load factors and other useful data as 
the desired detail may dictate for the towns, cities, districts and 
divisions. The summarization and analysis of compiled field and 
office data may provide statistical summaries such as illustrated by 
Table No. 1, Table No. 2, Table No. 3 and Fig. 1. <A study and 
an analysis of statistics and data of this character readily show 
the potential available business and produce the necessary units for 
estimating sales to and revenue from prospective business. In 
developing sales units for calculating prospective business of present 
customers, the range load may be treated as the basic load and 
water heating, auxiliary space heating, house heating and refriger- 
ation as “incremental” or additional loads. Similar treatment of 
estimated capital and operating expenditures for the procurement 
and maintenance of this prospective business should be followed. 
It is perhaps academic to state here that in formulating inducement 
type of domestic rates, the usual and necessary rate reductions with 
the consequent decrease in net revenue, must be limited and bounded 
by the possible gain in net revenue derivable frem the prospective 
business. 

The summarization as set forth by Table No. 1, Table No. 2 
and Table No. 3, it is believed, typifies the present saturation of 
the gas business in many communities, towns and cities, notwith- 
standing the fact that many operators have in the past considered 
and others now assume that gas is a necessity and not a luxury. 
Prospective sales to present customers are for automatic water 
heating and house heating through auxiliary heaters, floor furnaces 
and unit furnaces. The ideal to be attained is the “all gas” resi- 
dential installation. Under Table No. 4 is a summarization of 
connected domestic appliances, domestic gas usages and realized 
domestic revenue as developed from a cross-section survey of a 
city that may be practically classed as having this acme of “all 
gas” homes. 


Cost Analysis and Rate Limits 


With the market surveyed and analyzed, the determination of 
“cost of service” is the next essential step in the design of the 
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TABLE NO. 4 TYPE OF DOMESTIC APPLIANCE INSTAL- 
LATIONS WITH AVERAGE ANNUAL CONSUMPTION AND 
REVENUE PER DOMESTIC CUSTOMER 


As Developed From An Actual Survey of City With Majority of 
“All Gas” Homes—(Natural Gas Service.) 


Per cent of 
Installed 


Type of Appliance Appliances 


Cooking Appliances 
Gas 
Ranges 
Cookers 


Total Gas Cooking 97.57% 
Electric | 2.43% 


Total Cooking Appliances........ sie panei te dodetiibiagsiatincs 100.00% 


Water Heating Appliances 
Gas 
Automatic 
Non-Automatic 


Total Gas Water Heaters...................................... 


House Heating Appliances 
Gas 
Furnaces 
Space Heaters 


Total Gas House Heating Appliances.................. 
Electric 


Percent Consumption Revenue 
of Per Per 
Total Customer Customer 


(M. cu. ft.) 


Gas Appliance Installations 


Automatic Water Heater only 29.5 $ 27.80 
Range and Automatic Water Heater... 1. 53.5 44.93 
Range and Unit Furnace : 55.7 47.82 
Automatic Water Heater and 1 

Space Heater ’ 47.5 41.45 
Automatic Water Heater and 2 or 

More Space Heaters ; 64.9 54.03 
Automatic Water Heater and Unit 

Furnace 149.4 114.97 
Range, Automatic Water Heater 

and 1 Space Heater : 47.6 41.06 
Range, Automatic Water Heater 

and 2 or More Space Heaters 58.7 49.04 
Range, Automatic Water Heater 

and Floor Furnace : 62.1 52.00 
Range, Automatic Water Heater and 

Unit Furnace we .. 70.16 104.2 81.90 
Other Miscellaneous Installations........ 2.66 147.6 113.89 


100.00% 
“ 94.1 


Note: Annual normal degree days are 1,459.0. 


$ 74.64 


domestic rate structure. This cost analysis may be prepared on 
the basis of two-part, three-part or four-part cost analyses as 
outlined and discussed in numerous proceedings of the Pacific Coast 
Gas Association and the American Gas Association. The purpose 
of the analysis, simple or elaborate, is the development of the 
theoretically correct rate for domestic service with the establishment 
of the average rate for realization of “full cost of service” and 
the minimum rate for return of “excess cost of service.’ Gas 
utilities are in business for a fair and reasonable rate of return of 
capital after expenses, taxes and a fair and reasonable allowance 
for depreciation and/or depletion. Less than a fair rate of return 
after all expenses ultimates finally in poor gas service. Poor and 
undependable gas service, it is believed, is not desired either by the 
average customer, by the gas utilities or by the regulating bodies. 
The theoretically correct rate is the basis for equitable distribu- 
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tion of service costs between customers. In deriving the practical 
rate, the small domestic customer commonly termed “convenience” 
or “minimum” user should be burdened with a fair share of the 
cost, and the large domestic customer should not be unjustly bur- 
dened with service costs of the “convenience” or “minimum”’ users. 
Normally, as developed upon a reasonable allocation of costs 
between demand or capacity, customer and commodity or output 
costs, the theoretically correct rate, unmodified and unadjusted, is 
highly inducive. Maladjustments of present domestic gas rate 
structures are often produced in correlating theoretical rates to 
practical rates through the effort, and the political necessity, to 
satisfy the “minimum” or “convenience” users. Undue burdening 
of the large residential customer, the customer using gas burning 
equipment exclusively, is unjust and discriminatory although full 
recognition of this fact is not often given practical rate-making 
consideration. 


To meet the competition that does exist in the domestic market, it 
is essential that the “minimum” or “convenience” users be taxed 
with a fair and reasonable share of the costs of service. Past 
experiences dictate, economically as well as politically, that custo- 
mers of this class can not be assessed with their full and proper 
cost of service. The primary or initial use class cannot be unduly 
burdened as this does include the domestic cooking load—the base 
or primary load of the gas industry. However, a reasonable assess- 
ment of costs against this minimum use class of domestic business 
does permit the gas utilities to offer reasonably low and inducive 
rates for the more competitive business of residential service, since 
the net earnings from operation are not too limited and restricted. 


To induce and secure full domestic water heating and house 
heating business, gas rates must be reasonably well equated to 
wood, coal and oil prices. Theoretically and practically, this equal- 
ization of gas rates to competitive fuel prices should give consider- 
ation to the firing efficiencies of the various fuels and the “first 
costs” of fuel burning installations, reflecting the convenience of gas 
firing. ‘Too often it is said with respect to rates for gas service, 
“Tt is not ntcessary to sell gas on a B.t.u. basis to attract business.” 
To displace competitive fuel equipment within a reasonably short 
period of time, inducement by actual reduction of the family fuel 
budget is essential. Rendition of gas service below the costs of 
competitive services will eventually attract and attach the major 
share of this business. In the design of the gas rate structure, the 
rates should be low enough to be “real price competition with our 
electrical competitors.’ To do so, may mean that the gas utility 
sells on “marginal” or “additional cost” basis. As long as gas 
utilities are selling at some profit, even though based on “out-of- 
pocket” costs, and not at a loss, “large volume” and in some in- 
stances, exceptionally good “load factor’ business, is induced. 
Within reasonable limits, “large volume” production and _ sales 
eventuate in lower costs of service and place the gas utility in a 
position to meet more satisfactorily, the competitive prices of other 
fuels and other utilities. If the latter competition is not real at 
the present time, it is believed that consideration of the future by 
gas utilities may not be amiss. 


Cost analysis should not be confined and limited to studies of 
actual performance of the gas utilities. Actual investigation, tests 
and studies of competitive fuels and services under practical and 
actual home use conditions should be conducted. Such authentic 
tests can be used for equating gas rates to competitive electric rates 
and oil prices, and if properly authoritative, can be made the basis 
for good publicity and advertising such as has been conducted by 
the Seattle Gas Co. 


General Domestic and Optional Schedules 


In the gas industry, the general forms of domestic rates are block 
or two-part rates. The straight line domestic rates or modified 
forms of such rates, are gradually becoming obsolete but still may 
be applied advantageously under certain circumstances. Forms 
of three-part rates are satisfactorily applied to large domestic 
users by certain of the utilities. Class rates for domestic service 
may be said to be in the development stage for the gas industry as 
a whole. In the Pacific Northwest, due to electric competition, 
such domestic class rates have been adopted and past and present 
experiences of the Seattle Gas Co. and the Portland Gas and 
Coke typify and illustrate the necessity for the development of in- 
ducive domestic class rate structures. 


It is not the purpose of this paper to advocate any particular 
type of rate as the acceptable standard, since each type has its 
merits and the form of the rate structure must be governed by the 
circumstances and conditions particular to each utility. If some of 
the gas utilities could initiate service anew, many of the irregular- 
ities of existing rate structure would be eliminated. The ordinary 
block rate, either in the form of Minimum Charge or Initial Charge 
rate, may be designed and adjusted to secure from the average 
customer, the practical results obtainable under the_ normal two- 
part or service charge rate. Although sound in fundamental prin- 
ciple, objections are often raised and encountered in the applica- 
tion of the service charge of the two-part rate. This difficulty 
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arises from. failure to understand the principles of cost allocations 
and the reluctance of the “convenience” users to bear a fair pro- 
portion of costs properly assessable against small use of a relatively 
large investment. 

At the time of any general domestic rate revision, the advantages 
of the therm basis of service measurement should be thoroughly 
weighed before continuation with the present cubic foot basis. No 
thorough discussion of this phase of rate-making will be attempted 
here, but attention is again directed to the advantage in competi- 
tive rates of the smaller rate unit possible under therm schedules. 
The therm rate units better approximate the units of the chief gas 
competitor, the electric utility. Within the last year, the Seattle 
Gas Co. adopted the service unit of 1/10 of a therm, or 10,000 
B.t.u. In this territory this unit of measurement has the distinct 
advantage of expressing the rate in 1.0c to 2.8c per purchased unit 
as against the electric rate of 8/10 of 1.0c to 5.5c per kilowatt hour. 
Here again, it may be emphasized that local competitive conditions 
facing the gas utility rather than any country wide standard, should 
govern the form and type of service schedule adopted. Further, 
it is believed that deviations from standards are warranted and 
should be granted, after due consideration of all competitive factors. 


For any rate to be inducive it is essential that gas must be sold at 
substantially lower rates for succeeding practical blocks, adhering 
closely to the developed theoretically correct charge. In design, 
the “quick break” initial charge form of block rate having a small 
initial block covering normal range usage, with rapidly decreasing 
successive rates for lower blocks conforming to ordinary uses of 
water heaters and auxiliary heating appliances, eventuating in the 
final block for uses of unit furnaces, is an ideal. The same idealism 
in design may be accomplished by two-part schedules. To be truly 
promotional, the domestic rate should have short and not broad 
blocks, as is often the case. Broad blocks fail to yield sufficient 
reduction to properly stimulate additive business. Too often the 
general service schedule is a universal schedule for rendering ser- 
vice to domestic, commercial (of all types) and semi-industrial 
customers. Any radical change of blocking and rates materially 
affects the revenues and incomes of the company. 


Under business conditions of today, a radical revision of the gen- 
eral service schedule of the normal gas utility is not justifiable and 
is not economically sound. Betterments of such schedules may be 
accomplished by minor changes in the follow-up rather than the 
initial blocks since the lowering of such follow-up blocks adds 
most for inducement. For the formulation of an inducement type 
of rate structure with a minimum reduction in gross revenue at 
time of initiation, the adoption of a dual form of domestic rate 
structure merits consideration. Such a rate structure may consist of 
a principal or prime schedule having block or two-part rates for 
general service, with an alternative or optional block or two-part 
schedule for general uses in excess of a fixed quantum, or for single 
class appliance uses such as water heating only, or house heating 
only. Amplification of the general domestic schedule by the medium 
of secondary or optional schedules promotes full development of 
the domestic business. Optional rates designed for availability to 
customers having and using definite installed equipment are produc- 
tive in attaching and retaining business. Optional rates have been 
the subject of much adverse criticism, but on the other hand, Rate 
Committee Reports of Gas, Electric and Commission Associations 
are not unfavorable to this form of rate structure if properly de- 
signed and applied. In 1929, the Report of Rate Structure Com- 
mittee of the American Gas Association stated with respect to 
“Class Rates’’: 

“A separate and distinct rate, available to customers who have 
installed certain definite equipment, or who are engaged in certain 
businesses, or whose loads meet certain characteristics, is both 
desirable and effective for obtaining new business, and thus, if 
properly made, lowering the cost to the gas company and eventually 
to the general run of customers. Load factor, off-peak characteris- 
tics or possibilities of a service which is largely off-peak, may be 
made the bases of class rates which will eventually prove very 
desirable to the customer and profitable to the company. One class 
rate which we believe should receive much more attention is that 
covering water heating.” 

In 1931, the Committee on Public Utility Rates of the National 
Association of Railroad and Utilities Commissioners, reported: 


“The hope of cheaper electricity in the home lies in increased use, 
which cannot be brought about by rates designed to pander to a 
class which constitutes a burden on the utility and the balance of 
its customers. . Between a compromise rate, designed to give 
recognition—often undue recognition—to the very small customers 
and yet containing some promotional or inducement features, and 
the adoption of dual rates, one of these a standard promotional 
rate and the other an optional rate for the small customer, your 
Committee recommends the latter method. The compromise rate 
will not stand comparison with the lowest billings produced by 
either the old flat rates or the new promotional rates. Very few 
of the public who complain about utility rates are willing to 
consider any rate schedule as a whole. Meritorious objec- 
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tions can be advanced against a dual schedule of rates, but the 
advantages are that it opens the gateway to the largest remaining 
undeveloped field of service to the utilities, silences complaints 
about penalizing the small customer—complaints frequently un- 
founded it is true, but real in the minds of many of these customers 
—and gives to the utilities a strong incentive to push the sale of 
electrical appliances to all customers and especially to the custo- 
mers selecting the optional rate, thereby reducing their number to 
a “minimum.” 


Forms of Class Rates 


An examination of the chart and the attached summary tables 
of number and kind of domestic gas appliances, annual appliance 
uses and annual domestic revenues according to appliance installa- 
tions, indicates clearly the normal field for automatic water heating 
and house heating. To attach this business, various forms of 
optional class schedules may be adopted if properly coordinated to 
domestic market. Such optional rates may, as new business policy 
and available market dictate, consist of a single secondary schedule 
such as adopted by the Southern California Gas Co. for outlying 
divisions and districts, or a number of schedules for combination 
usages of domestic appliances, such as: cooking and water heating; 
cooking and automatic water heating; cooking, water heating and 
house heating; cooking, automatic water heating and house heating 
with gas as the exclusive fuel. Examples of some simple forms of 
such single secondary schedules for natural gas service are as fol- 


lows: 


COMBINATION AUTOMATIC WATER HEATING, COOK- 
ING AND HEATING SERVICE; OR COMBINATION WA- 
TER HEATING, COOKING AND HEATING SERVICE 


Available upon application, for natural gas service for houses, 
flats, apartments and buildings, having the combined three uses 
of: (automatic) water heating, cooking and central and/or space 
heating. 


Example I—Rate 


Standby or Service Charge 
November to April inclusive: $3.50 per meter per month. 
May to October, inclusive: $1.50 per meter per month. 


Commodity Charge (To be added to Standby Charge) 
6.5c per 100 cu. ft. per meter per month. 


or 
First 10,000 cu. ft. per meter per month 6.75c per 100 cu. ft. 
Next 15,000 cu. ft. per meter per month 6.50c per 100 cu. ft. 
All over 25,000 cu. ft. per meter per month 6.00c per 100 cu. ft. 


‘Example II—Rate 


Standby or Service Charge: $2.25 per meter per month. 
Commodity Charge (To be added to Standby Charge) 
As under Example I. 


Example Il1Il—Rate 


Standby or Service Charge 
For dwellings of 4 rooms or less: $1.75 per meter per month. 
For dwellings of more than 4 rooms: 
$1.75 per meter per month plus $0.25 for each room in excess 
of 4 rooms. 
Commodity Charge (To be added to Standby Charge) 
As under Example I. 


Example I1V—Rate 


Standby or Service Charge 
$2.00 per meter per month per 100 cu. ft. of demand 


or 
Service Charge graduated according to installed meter capacities. 


Commodity Charge (To be added to Standby Charge) 
As under Example I. 


Special Conditions Applicable to Above Rates 


(1) All Examples—Term of Contract, 1 year. 

(2) Example III only—For the purpose of this schedule the num- 
ber of rooms will be determined upon the customary real estate 
basis of rating. 

(3) Example IV only—Statement of basis of establishment of de- 
mand, such as rated connected load, or tested connected load 
(% hour or 1 hour maximum demand). 

These forms of schedules can be theoretically developed schedules 
modified to practical working schedules and again, these schedules 
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may be developed by more or less “rule of thumb” method. Some 
rates so developed have not complied fully with the “finesse” of 
theoretically correct rate-making, but in the final analysis, the util- 
ity management is interested in results. Again, domestic class rates 
of the above form, if properly designed and properly applied, are 
not unreasonably discriminatory and can ultimate in the addition 
of sufficient business to alleviate the rate burden of the general cus- 
tomer. Judgment of a rate structure may well be based on con- 
sideration of a rate structure as a whole and on the benefited 
customers as a class, rather than on any results derived from indi- 
vidual application, or a limited number of applications, for the 
same or other classes of service rendered. This is particularly true 
of the fully developed house heating load having, in many localities, 
a mediocre load factor and a demand that is coincident with the 
system demand. 


Conclusion 


The principles of optional rate-making are established and well 
known. Ordinarily, the general service schedule, the single domes- 
tic rate structure type, cannot be designed to induce full saturation 
of the available domestic load without undue strain on the net 
revenues of the gas company. Optional domestic class rates, if 
properly designed and applied, will make a direct appeal to the 
domestic customer through lower rates for additional home uses 
and will provide the new business organization with a definite 
medium for selling gas burning appliances. 

Additive domestic business on present lines and facilities, ordi- 
narily ample to supply, is the most compensatory and lucrative 
business of the gas utilities and develops adequate net revenue 
through use of present facilities and operating organizations. Pro- 
tection and safe-guarding of present domestic business of the gas 
utility, through domestic class rates, is also essential for progress in 
acquiring a greater net revenue. The “new business” expense of 
maintaining present domestic business may equal the “new busi- 
ness” expense of acquiring this same amount of unattached business. 
Actual expenditure in the form of materially lower optional or 
follow-up rates may more satisfactorily alleviate this “out-of-pocket 
new business” expense with the accomplishment of the same ob- 
jective. 

The attraction of new domestic business and the retention of 
present domestic business through the medium of a dual rate struc- 
ture consisting of one principal schedule and one or more secondary 
or optional rates, will gradually ultimate in the reduction of the 
principal or general service schedules. Such revision of the gen- 
eral domestic schedule may be gradual and orderly, without any 
undue impairment of the net revenue of the gas company. Under 
this procedure, revision of schedules will occur as net revenues or 
return warrant, and present expensive rate litigation, in many in- 
stances, may be eliminated with realization of better “good will’ 
between public and company. 


Home Service Suggestions* 


HE advance of a new era of prosperity brings a growing 

demand for the very best in household utilities. Therefore 

it is the objective of the Home Service Department of the 
gas company to see to it that every possible purchaser is kept 
fully gas conscious. 

As women are America’s chief purchasing agents for the home, 
it is to them that the Home Service worker makes the strongest 
appeal. 

If women were in the habit of making sudden decisions to dis- 
card their archiac ranges and refrigerators, and proceeded at once 
to buy the latest in modern gas appliances, then the need of a 
Home Service Department would be negligible. 

But, unfortunately, woman is not so constituted. It is only the 
fact that she has been made aware of the wonderful convenience 
of, and the splendid results obtained with new gas equipment, 
through the many ways in which the Home Service Department 
makes its appeal, that arouses her dissatisfaction with old appli- 
ances, and brings her to the decision to buy. 

Table No. 1 lists practical ways in which a Home Service De- 
partment can assist its gas company in keeping gas appliances in 
the public eye, increase the demand, and break down sales re- 
sistance. 


TABLE NO. 1 TYPES OF HOME SERVICE ACTIVITIES 


Clubs and Civic Organizations 


I 
Il Educational 
1. Schools 
2. New users 
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3. Campfire girls, girl scouts, 4H clubs 
4. Contests 


III Cooperative Cooking Schools 


1. Newspapers 
2. Department Stores 
3. Manufacturers 


IV Radio Talks 
V Outside Cooperation 


1. Architects, Builders, and Realtors 
2. Food Shows 


VI Demonstrations 


1. Weekly in Home Service Auditorium 
2. Monthly in Suburban Offices 

3. Small personal instruction classes 

4. Class for brides 

5. Evening classes for business girls 

6. Classes for salesmen. 


Clubs and Civic Organizations 


While all clubs cannot be expected to work with Home Service, 
there will be a large number who will appreciate what the depart- 
ment can do for them. Some cities are working directly with all 
branches of the Federated Clubs and much has been accomplished 
by this contact. When not in use the Home Service auditorium 
should be at the disposal of clubs for their various meetings. While 
in the auditorium, the women are in a position to become aware of 
the efficiency of gas, and on returning to their homes are in a 
frame of mind to realize the inferiority of their present method of 
cooking. ‘The director and her assistants may serve refreshments 
and give a short informal talk on gas appliances. 

Meeting periodically with various church guilds in suburban 
districts, if the kitchen is equipped with gas, is another means of 
meeting the needs of customers. At one such meeting the home 
service worker roasted all the turkeys for a holiday affair, as the 
women in charge were not accustomed to cooking in large quanti- 
ties. Another time all the pies were baked for a church dinner, 
and so on through the year. In one instance a department plans 
to entertain a guild in the auditorium, since they do not have 
kitchen facilities in the church, and it is expected that this will 
terminate in the sale of all gas equipment for the church. 

Going to the home of a new owner of gas appliances and serv- 
ing luncheon to a group of her club members, the group not ex- 
ceeding 24, has proved a very successful way of promoting good 
will and sales. It also gives the Home Service worker contact 
with a group of women that might not be reached in any other 
way. The hostess is naturally proud of her new possessions and 
anxious to show them off to her friends. ‘This is the best possible 
kind of publicity; the praise of a satisfied customer. 

As a memento of the occasion, a meal planning guide and a 
selection of tested recipes may be handed to each of the ladies at 
these affairs. 

The Home Service department of the Seattle Gas Co., recently 
participated in a very interesting “Treasure Hunt” put on by mer- 
chants of Kent, Washington. The merchants gave out a numbered 
ticket with each purchase made during the week previous. Then on 
Saturday, the day of the “Hunt”, the ticket holders made the rounds 
of the stores to see if any of their tickets were the lucky ones. 
Kent is a relatively small town, but between the town and sur- 
rounding country, a crowd of 1500 people turned out for the 
event. The gas company published an invitation for everyone to 
call at its display rooms during the day. The Home Service work- 
ers on duty served hot cinnamon rolls and jellied fruit salad to 
the people who came. On that afternoon alone, two Electrolux 
refrigerators, five ranges, and two radiant fireplace heaters were 
sold. 

This is one instance of direct, tangible results from the work of 
the Home Service department. 


Educational 


The Home Service director may solicit the good will of school 
authorities by calling and offering to inspect appliances and see 
that they are kept in the best working order. At the invitation 
of the instructor of Home Economics, she should be equipped to 
give demonstration lectures to both high school and college groups. 
It will be found that a number of girls each year will be interested 
in entering home service work, and many times the director can 
help them secure employment. 

Another phase of missionary work to be accomplished by the 
home service girl is the instruction which she gives to various 
groups of girls, such as the girl scouts, campfire girls and 4H clubs. 
Groups of this type are awarded merits for certain home making 
tasks and are eager for a place to work. They should not be 


*Committee Report: Beatrice Strege, chairman, Seattle Gas Co.: Elner Martin, 
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looked upon as potential customers only, as many of them are 
members of families already using gas. If not, it is only natural 
that they tell their parents of the appliances. This is especially 
true in foreign communities. 

Besides making home calls on new users of gas appliances and 
seeing that they thoroughly understand the operation of the equip- 
ment, it is well to hold periodic demonstrations of special seasonal 
cooking to which new customers are sent special invitation. ‘There is 
a response to this expression of personal interest on the part of the 
company, and the recipients of this attention become even better 
boosters for the utility. 


Cooperative Cooking Schools 


Newspaper cooking schools with their wide attendant publicity 
are a splendid way in which to keep the public gas conscious. The 
company’s representative comes into contact with a great variety of 
women in conducting one of these schools through a large daily. 
However, it is important that no paper, no matter how small, 
should be overlooked. Many racial groups have their own paper, 
printed in their own language. In holding neighborhood cooking 
schools with these papers the Home Service representative has been 
very successful in getting in touch with women whose timidity 
prevented them from attending the larger classes. 

Many of the large department stores have complete homes on one 
of their upper floors for the display of furnishings. The kitchens 
of these model homes are usually equipped with gas, and store 
managers are usually willing to turn over the premises to the 
Home Service workers for one day a week. 

Manufacturers welcome an opportunity to cooperate with the 
utility company. As an instance; in Seattle the Home Service 
rooms are turned over daily to those putting on advertising lunch- 
eons for clubwomen. Manufacturers provide the various foods and 
have someone in attendance to do the cooking and serving, using 
the gas company’s equipment. Parent-Teacher and Pre-School 
Associations, charitable organizations of all types and denomina- 
tions, lodge groups and church clubs are entertained. Engagements 
with the clubs are made months in advance, thus assuring a selected 
audience. A brief educational talk is given when the guests are 
seated, describing the merits of the advertised products in a forceful 
yet dignified manner. 


Radio 


One way of insuring an attentive audience for the gas company’s 
radio program is to turn the alloted time over to some prominent 
speaker of the district one day a week, the discussion to be on any 
subject of interest to his or her following, and women in general. 
For example, one day the president of the society interested in the 
preservation of our forests and natural beauty gives a 5 or 10 
minute talk on that subject. Another day may be turned over to 
a fashion review, and so on, the remainder of the time to be used 
by the Home Service representative. The object is to keep listen- 
ers interested in the gas program, and eager to tune in to hear 
what the gas company will do next. 


When correctly used, radio work is of great educational value. 
When the subject matter is announced for the following day in 
some catchy manner, it attracts attention and builds a following 
of women who tune in daily. Here are some suggested programs 
that have ear-appeal, and are proving successful for demonstration 
classes in the East, as well as for radio work: 


Oven Opportunities 

Desserts That Are Different 

Cooking the Cuts That Cut the Bill 
Casserole Meals That Are Different 
Sunday Night Supper Snacks 
Refreshing Electrolux Dishes. 
Entertaining on Easter Sunday 
Attractive Ways of Using Left Overs 
Tea Time Treats 


Outside Cooperation 


An important function of the personal relations department is to 
keep in touch with architects, builders, and realtors. Home Service 
directors can render valuable assistance to this group by interpreting 
the woman’s needs to them. Men in the building and related fields 
play an important part in load building, and a plan of cooperation 
with them will gain their good will, and help influence them to 
specify or install all gas equipment in their new building. 

At merchants’ expositions and county fairs some companies main- 
tain a booth for the display of gas appliances, with a Home service 
worker in attendance to explain their features to visitors. She also 
gives out recipes and literature to serve as reminders of the com- 
pany and its wares. 


Demonstrations 


A great many companies hold weekly demonstrations in the home 
service auditorium. These are always well attended by women 
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on the alert for new and seasonal dishes. It has been found that 
by having a prominent chef, baker, or food products company give 
a demonstration, a very large gathering is assured. In Seattle the 
Van de Kamp bakers have been very generous in their cooperation, 
coming twice in a year to demonstrate some tasty confection which 
has proved a best seller in their shops. Their Orange Fairy cake, 
butter horns and coffee cake with variations have been great fav- 
orites. In these demonstrations they have cut the recipes down to 
home size; and showed the gathering how to prepare and bake 
them. They also distribute recipes. There is standing room only 
at these demonstrations, 

Monthly demonstrations in suburban offices are popular in some 
communities. Women usually hold these dates open, so eager are 
they for the new ideas always presented by the department. Many 
valuable contacts are gained in this way. 

There are always some women who ask the home service worker 
for help and advice in the preparation of some food with which 
they have had failures. It is a good plan to get together six or 
eight of these women for special instruction in the department’s 
kitchen. The instructor has them do all the actual work of 
preparation and baking under her supervision. In that way she 
finds in what way they err and corrects the fault. This naturally 
earns their good will and the handling and usage of gas appliances 
creates a desire for possession. 

In holding classes for brides it has proven most satisfactory to 
take small groups and give them an eight weeks’ course, meeting 
twice weekly. Beginning with simple foods, they are taught all 
the fundamental branches of cooking. As in the group above, they 
should prepare and bake the foods themselves. It is true that most 
brides live in apartment houses, but they are most certainly poten- 
tial home owners. 

Evening classes for business girls have been very popular in some 
localities, especially when quick, easy-to-prepare meals were fea- 
tures. 

The Home Service department can perform no more valuable 
service for the company than that of teaching each of its salesmen 
the basic principles of cookery. He is then better fitted to meet 
the prospective customer on her own ground and runs slight risk 
of antagonizing her by making statements about something con- 
cerning which she feels he knows little. The Portland Gas and 
Coke Co. has found it advantageous to give even its service a com- 
prehensive course in simple cookery. 


Gas Refrigeration* 


HE report of the 1932 Committee on Refrigeration Progress, 
Wholesale and Retail, has been confined to a search of facts 
affecting the successful sale of refrigeration. 


The last two years have definitely proved the sale of refrigerators 
is not a result of accident but only the product of well planned 
effort systematically executed. 


Wholesale Division 


All reporting companies either have in operation or plan to or- 
ganize a division to increase the wholesale or apartment business 
of gas refrigeration. In general, each company’s efforts are similar; 
however the committee will condense these operations for interested 
parties. 

On an exhaustive survey of apartment gas consumption in Seattle, 
Wash. it was found the average consumption of gas for cooking 
alone to be 980 cubic feet of 505 B.t.u. manufactured gas. For 
cooking and refrigeration, the consumption averaged 2480 cubic 
feet per month, leaving 1500 cubic feet for refrigeration alone, and 
proving the desirability of refrigeration with cooking in apart- 
ments from a load standpoint. 

With the advent of low priced multiple installations and intro- 
duction of the $99.50 individual electric unit it has been necessary 
for successful sales groups of gas refrigeration to strengthen their 
wholesale divisions. The wholesale divisions of successful sellers of 
gas refrigeration have generally followed this outline: 


Personnel: 
(a) Small group of high caliber men on salary and commission. 
(b) Salesmen knowing finance angles of apartment business. 
(c) Using men capable of successfully contacting architects and 

contractors. 

Advertising: 
(a) Advertising directed toward investment interests. 
(b) Advertising directed to apartment associations. 


*Committee Report: Percy Black, chairman, Washington Gas and Electric C 
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Terms: 
(a) Long enough terms that monthly payments do not exceed 
those on cheaper installations sufhciently to kill sales. 


The last 25 years have run in seven-year cycles of apartment 
building, with three active years following seven normal years. 
This seven-year cycle points to 1933-4-5 being active apartment 
building years. ‘The company that has ironed out the kinks in 
wholesale selling and followed the proved methods of successful 
companies will profit in proportion to effort expended. 

The necessity for rates favoring refrigeration arose in Portland 
and Seattle during 1931. Both of these cities revised wholesale 
refrigeration rates to serve the customer to advantage. This was 
done without affecting cooking alone and in such a manner as to 
make gas refrigeration desirable from cost of operation viewpoint. 

All companies reporting agree the day of exacting a premium 
for an apartment with refrigeration is past. The apartment built 
now will have refrigeration as standard equipment, the same as a 
bathtub. ‘Therefore, it is not the question to a builder, of refriger- 
ation or not, but what refrigerator will be the best investment. 
The personnel trained to know all refrigeration can conclusively 
demonstrate gas refrigeration to be a sound investment when 
backed by their company with proper rates, terms, and advertising. 

In the face of a slow apartment building period several Pacific 
Coast cities are making progress in wholesale installations. The 
conditions of the last two years have caused owners and mortgage 
companies to re-establish outmoded buildings, and the sale of gas 
refrigeration has benefited thereby. 

Seattle and Portland in the past twe years have had adopted into 
the city building ordinances the national code on refrigeration in- 
stallations as recommended by the A. S. R. E. This has been a 
forward step in safeguarding the public and strengthens the posi- 
tion of the safe gas refrigeration installation. 


Dealer Cooperation 


This phase of the gas appliance merchandising has lent itself to 
refrigeration ideally. The Southern California Gas Co. has had 
in operation a simple direct plan of dealer cooperation, operating 
successfully as follows: 


10 per cent of sales price for lead on sale made by company 
salesman. 

20 per cent of installed price for assigned contract. 

30 per cent of delivered only price on direct cash purchase. 

Installation sublet to master plumber initiating the sale. 

This plan directed toward plumber dealers only. 


Seattle reports a plan much like Southern California’s with 
display models on consignment to plumber dealers. It may be said 
of gas refrigeration that it catches the interest of dealers for gas 
quicker than any other appliance, at the same time offering a larger 
return in merchandise sales for the dealer. 

Dealer cooperation plans are in operation or planned by all 
companies on the Pacific Coast. 

Much has been accomplished toward forestalling the agitation of 
trade groups against utility merchandising by constructive aids 
to dealers. On the whole, far seeing dealers appreciate more and 
more the necessity of the utility merchandising to enable them to 
profit on like lines. 


Retail Selling in Large Cities 


The committee has sought facts influencing refrigeration sales in 
cities of all sizes, but has found the city of over 50,000 to present 
a problem of dividing refrigeration sales activity into retail and 
wholesale. The merchandising men with gas utilities find them- 
selves called upon to develop a specialty group for refrigeration 
sales since the introduction of the price refrigerator. 

The committee has agreed that gas refrigeration can be sold in 
profitable quantities by recognizing certain salient facts. From 
the findings of the 1931 A. G. A. refrigeration committee it is 
agreed that not all gas users or potential users are refrigeration 
prospects, which brings up the problem of centering the effort 
toward productive territory. Many excellent trade surveys of cities 
affected are available to interested persons and have proved their 
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worth under actual use. The trend of this year is a concentrated 
effort toward the portions of any city that shows a buying power 
commensurate with automatic refrigeration. In one city of the 
Pacific Coast an analysis shows 40 per cent of the reverts from 
territory supplying only 18 per cent of the merchandise sales. This 
particular territory was of the class demanding rentals of $20 
per month down. It is obvious that refrigeration sales effort is 
wasted in such territory. The practice followed by several com- 
panies of directing their retail efforts towards districts demanding 
$35 per month rent and up is proving worthy of copying. ‘The 
past practice of demanding the same refrigeration volume from 
each salesman regardless of territory is fast becoming passe. 

The result of a survey made on refrigeration in four representa- 
tive cities served by the Northwest Cities Gas Co. show a high 
saturation of electric refrigeration. 


120 Homes surveyed 
69 Electric refrigeration 
6 Gas refrigeration 
45 No automatic refrigeration 


All of above were “able to buy’ customers, 37 of whom cook 
with electricity, the balance cooking with gas. This survey shows 
62 per cent using automatic refrigeration, bringing the balance of 
38 per cent under the classification of “ready buyers” when ac- 
quainted with the facts of gas refrigeration. 

In one district of Southern Oregon it is reported that users of 
electric refrigeration are forced to electric cooking to make the 
operation economical under a combination rate. ‘This element to a 
degree accounts for the fact that more electric ranges are purchased 
after the purchase and use of electric refrigeration than the reverse. 
One survey of 200 gas customers for varied uses, taken at random, 
showed 16 out of 25 electric ranges purchased after the use of 
electric refrigeration. ‘This proportion held generally throughout 
districts investigated. For a broadening of gas cooking it would 
follow that the active promotion of gas refrigeration is worthy of 
the best thought and efforts of the gas appliance merchandising men. 

The successful methods for producing satisfactory refrigeration 
volume has varied in different territories. It has been recognized 
in all territories, however, that the gas refrigerator is in every 
sense a specialty product and as such demands a specialty salesman 
to sell it successfully. Development of a specialty group has been 
undertaken in most of our large cities. This has been done either 
by a few men only on refrigeration as closers, or refrigeration 
specialists to work with general salesmen, or by an entirely separate 
division. 

Southern California Gas Co. reports 30 per cent of merchandise 
volume from refrigeration. This volume has warranted following 
closely this year’s program of: 

1. Liberal outdoor and newspaper advertising. 

. Special refrigerator salesmen. 

. Bonus to employees on sales made from their prospects. 

. 5 per cent trade-in for ice box, 

. Expanding activities with merchant plumbers. 

. Correct installations, including gas and water regulators as 
standard equipment. 

7. Prompt initial servicing. 

8. Sales concentration on “able to buy” patrons. 

9. One model special terms, such as $10 down, $7.50 per month. 

10. Complete display on sales floor. 

11. One or more models in operation on each sales floor, 

12. Use of gas bill stickers, direct mail and sales helps offered 
by factory. 
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This program in its entirety or in part is being used by all sellers 
of gas refrigeration on the Pacific Coast. General acceptance of 
broad, comprehensive programs of gas refrigeration exploitation 
indicate the progressive gas utility merchandiser recognizes gas 
refrigeration as a valuable, fundamental endeavor for the good 
of the industry. This conception has led active companies from 
spasmodic campaigns to an organized year-around program on 
gas refrigeration. 
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Load Values of Gas Appliances* 


HIS report presents the data of six gas companies obtained 

during surveys made of appliance installations in their respec- 

tive territories. ‘This study was made for the purpose of 
determining representative values of gas consumption for each of 
the various gas appliances in use, 


Method of Procedure 


The companies assisting in this work were requested to furnish 
all available data on gas used by different appliances, appliance 
combinations, residences, and families of 
various sizes. Additional surveys were 
made, as time permitted, to obtain data not 
already on file. The types of appliances, 
residences, and family statistics were taken 
from records obtained during service calls 
or special survey work. All gas statistics 
were taken from company records and cover 
a period of one year. In preparing this re- 
port, all gas figures not based upon a heating 
value of 1120 B.t.u. per cubic foot were con- 
verted to this basis. 

Statistics covering a total of 8986 installa- 
tions were assembled and analyzed. The 
most important fact developed by this in- 
vestigation was that no absolute value could 
be found for any appliance or appliance 
combination, which was generally applicable 
to all companies and territories. For any one locality, however, 
where sufficient data were obtained to yield a representative aver- 
age, load values were shown to be quite consistent and reliable. 


H. W. Geyer, 
Chairman 


Conclusions 


For a given company careful and thorough surveys of its terri- 
tory will develop load values sufficiently accurate and dependable 


— 
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to warrant practical application. Such values should not be 
regarded as absolute, but should be considered in the light of the 
conditions which they represent. For reasons mentioned in the 
Discussion of Survey and Results, no load values of practical 
significance can be found for all companies and territories com- 
bined. 

Gas companies will find it well worth the effort to conduct sur- 
veys similar to those described here. The exact procedure will vary 
somewhat with the conditions prevailing in each territory and the 
facilities available. 

Such work should be most carefully planned, and detailed data 
sheets drawn up in advance. In addition to the data sheets used 
herein, two suggested forms were drawn up. These are shown in 
Fig. 1 and Fig. 2, together with two Field Survey Cards (Fig. 3) 
used by one of the companies contributing to this report. Data 
should be collected until the addition of further figures does not 
materially affect the average. 


Types of appliances should be clearly defined to avoid misunder- 
standing. For example, the term Space Heater is often applied to 
a wide variety of heaters. As used in this report, a Space Heater 
is a portable or semi-portable appliance, such as a radiant heater, 
having a demand of approximately 20,000 B.t.u. per hour. 


In future reports it would be well to consider the advisability of 
presenting all gas figures on a “therm” basis, one therm being 
equivalent to 100,000 B.t.u. This basis of calculation has been 
adopted in several sections, and has many advantages. Among 
them may be mentioned the ease of comparing figures of companies 
using gas of different heating values, and comparing gas with 
other sources of heat. 


Discussion of Survey and Results 


In planning this work the suggestion was first made to install 
sub-meters on each appliance in a number of homes. Preliminary 
data on hand showed, however, large variations in consumption of 
given appliances, operating under apparently identical conditions. 
This indicated that a large volume of data should be collected in 
order to obtain representative averages. 

Economical and practical reasons eliminated the plan of installing 
thousands of sub-meters. The method finally adopted included the 
assembly of all pertinent data available in the files of the con- 


SUGGESTED DETAILED DATA SHEET 


Annual Consumption of Residences and Appliance Combinations 
Company X—2100 degree-days—1120 B.t.u. per Cu. Ft. 


Appliance Combinations Houses Families 


6 Room Residences 
Total Number Surveyed 


Average M.c.f. 


Persons Total 
Family 


Servants M.c.f. House Family Person Room 


Range only 

Range, Man. Water Heater 

Range, Auto. Water Heater 

Range, M. W. H. Space Heater 

Range, A. W. H. Space Heater 

Range A. W. H., Floor Furnace 
etc. 


Totals and Averages 


Fig. 1. 


SUGGESTED MASTER DATA SHEET 


Annual Consumption of Residences and Appliance Combinations M.c.f. 
Company X—2100 degree-days—1120 B.t.u. per Cu. Ft. 


Number of Rooms per House and Number of Houses of each size 


4or Houses 5 Houses 


Appliance Combinations less Surveyed Rooms Surveyed 


(Continued) 120r Houses Total Average per 
more surveyed Houses Combination 


Range only 

Range, Man. Water Heater 

Range, Auto. Water Heater 

Range, M. W. H. Space Heater 

Range, A. W. H., Space Heater 

Range, A. W. H., Floor Furnace 
etc. 

Total No. of Houses 

Average M.c.f. per House 

Average M.c.f. per Room 
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tributing companies, and special field surveys to supply missing 
data. 

Following the original instructions to the committee, the gas 
consumption figures were obtained on three general bases, as fol- 
lows: first, according to the appliances used; second, according to 
residences of various sizes; and third, according to families of 
various sizes. 

The first group was expected to reveal the relative load-building 
capacity of individual appliances and appliance combinations. 

The second group should yield valuable information as to the 
load to be expected from new residential developments, or from 
the conversion of existing residences to gas. In this case only the 
number and size of residences would be known, and this study was 
to determine the nature of the appliances likely to be used and the 
resulting load. 

In the third group, the per capita consumption of families of 
various sizes was expected to furnish additional valuable data, 
useful in checking system and territorial development. 

It should be noted that this study does not deal with instantaneous 
or hourly demand, but only with gas consumed over a long period 
of time, in this case one year. 

Questions of rates and revenue are also not considered, because 
revenue depends upon consumption, and the latter must be deter- 
mind before the former can be computed. 

The data included manufactured gas, mixed gas and natural gas 
figures, and were supplied from territories operating under widely 
varying conditions of climate, competitive sources of heat, gas rates, 
and dealing with people of different standards of living. 


Some of the companies had been making similar surveys but 
along somewhat different lines, Consequently not all the data avail- 
able could be used, and part of it had to be re-computed. 


After carefully weighing all the factors involved, it was decided 
to convert all gas figures, not already expressed in terms of 1120 
B.t.u. gas, to that basis. This choice was determined by the fact 
that a large part of the original data was from territories served 
with this gas, and also, with the rapid spread of natural gas, this 
basis would probably prove the most desirable in the future. 

No adjustments other than for heating value were made. The 
possibility of adjusting the figures for climatic conditions was con- 
sidered for a time, but finally abandoned, due to the difficulty of 
separating the purely heating load from other consumption. With 
every item of data shown is given the degree-days figure applying 
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to that particular locality, so that a mental picture of temperature 
conditions may be obtained. 

In calculating averages, the total consumption of a given group 
of installations was divided by the number in the group. The 
total consumption figures were usually supplied in the original 
data, but were omitted in this report in order to use all available 
space in each table for indispensable related data. In the few 
cases where totals were not furnished, the averages were weighted 
in proportion to the number of installations surveyed in each group. 
This fact is mentioned in foot notes. 

In attempting to determine the load value of a given appliance 
it is not permissible, in general, to obtain this value by merely 
taking the difference in consumption between two groups of ap- 
pliances, which differ only in that one includes this appliance and 
the other does not. It is a fact well recognized that in homes 
incompletely equipped with gas appliances, those appliances which 
are present are called upon to perform duties normally carried by 
more suitable equipment. 

For example, in some sections it is quite customary to heat the 
kitchen with the oven of the gas range. This is a heating load 
not usually associated with a range. Or, in the absence of a water 
heater, the range must supply the deficiency. Even where a water 
heater is present, there are instances when a range is used for 
supplementary duty, as in cases where the water heater is inade- 
quate or clogged with sediment. In each of these instances the load 
value of the particular range would be correct for the given con- 
ditions, and yet too high for use in estimating the load value of a 
range in a new, completely equipped home. 

Other cases may be pointed out involving more complicated 
groups of appliances. For example, in the detailed data on ap- 
pliance combinations of Company F, we have these averages: 


Range, Water Heater, Space Heater, Refrigerator 86.6 M.c.f. 


Range, Water Heater, Space Heater 
Difference 


Range, Water Heater, Furnace, Refrigerator 
Range, Water Heater, Furnace 


Difference 13.7 M.c.f. 

Both of these differences might be ascribed to the refrigerator in 
each group, if it were not for the fact that the load value of a gas 
refrigerator is not only well known to be much less than either of 
these figures, but also subject to only small variations. Very likely 
these differences are due to a higher standard of living enjoyed by 
the groups having gas refrigerators, which in turn results in a 
higher load value for each appliance in those groups. These are 
a few illustrations of the problem referred to when the statement 
was made that no absolute load value of a given appliance could 
be found to apply in all cases. From the results of this study it is 
believed that appliance combinations or groups offer a more reliable 
basis of comparison for estimating load than do _ individual 
appliances, 

In discussing the data supplied by each company, the remarks 
should be interpreted only as constructive criticism, intended to 
furnish guidance in planning future work of this sort, and to point 
out features of these surveys which are not readily apparent from 
the statistics alone. 

The data furnished by Company A are based upon estimates 
formed by persons familiar with conditions. ‘The assumption is 
made that each appliance has a fixed load value, and that load 
values of combinations may be determined by adding the values 
of individual appliances. In general, this method yields load value 
estimates for combinations which are higher than actual values, 
because each appliance added to a group reduces the individual 
load values of each member of the original group. Under Com- 
pany A, Residences of Various Sizes, the estimated consumptions 
of houses seem too high in comparison with the figures for appliance 
combinations. The smallest class of residences is assumed to have 
a load value about equal to the most complete appliance combina- 
tion. Either the large majority of residences are of the small four- 
room class, or all residences are unusually well equipped with gas 
appliances. 

The figures listed under Company B are based on survey data 
taken from the files of this company. The number of installations 
listed under each heading was rather small, but those chosen were 
fairly representative of their respective classes. ‘The consumptions 
of various appliancs were obtained by difference from the data on 
combinations. This is not entirely justified, and gives to these 
figures a value intermediate between estimates and large scale 
survey data. 

Company C submitted very complete detailed data. House-heat- 
ing appliances are metered separately from other domestic equip- 
ment. One interesting feature is the difference in consumption 


August, 1932 


between various types of ranges, and also the pronounced differ- 
ence between manually operated tank water heaters and those auto- 
matically controlled. This suggests that in future surveys the 
various types of ranges and water heaters be analyzed separately, 
as was done here. 


The same thought applies to central house-heating equipment, for 
there is known to be a considerable difference in consumption be- 
tween steam, hot water and warm air heating systems in houses of 
the same size and construction. Unfortunately no appreciable data 
on this question became available in this study. 


In obtaining the statistics on families of various sizes, servants 
were listed apart from members of the family. This affords an 
interesting comparison of households with and without servants. 
In every case the presence of servants denotes an increase in the 
per capita consumption of that household over another having the 
same total number of persons, but fewer or no servants. This is 
probably due to higher standards of living enjoyed by families 
with servants, more entertaining, cooking, home baking and larger 
consumption of hot water. At times, servants are also apt to be 
less economical in the use of facilities than members of the family. 


Company D submitted a considerable amount of data, carefully 
prepared and arranged. No attempt was made to calculate the 
consumption of individual appliances from the combination figures. 
Some rather unusual combinations are included in this survey. In 
cases where an essential appliance as, for example, a range, is 
missing from the group, this usually indicates that a source of heat 
other than gas is used in that appliance. The same is true of data 
compiled by other companies. 


For some time prior to the start of this work, Company E has 
conducted surveys along similar lines. Many detailed data were 
furnished this committee, covering a large number of installations. 
Judging from the manner in which these figures were compiled 
and the time devoted to such work, the results are considered very 
reliable. The figures on consumption of various appliances were 
submitted as a part of the original data. ‘They were arrived at 
by most carefully considering the relative load value of each ap- 
pliance as determined by impressions formed during the making of 
these surveys. These figures probably differ but little from those 
which would have been obtained had each appliance been supplied 
through a separate meter. 


The statistics appearing under Company F were quite carefully 
collected to show the average consumption of given appliance com- 
binations, and of residences. They do not represent a_ typical 
cross-section of the territory involved, since the number of resi- 
dences in each class is about the same. 


In the Summary of All Data the results obtained by the various 
surveys are shown in comparison, together with the number of 
installations surveyed by each contributor. In calculating averages 
throughout the report, all original data based upon-estimates were 
given less weight, in general, than actual survey data. 


In the summarized data, averages for all companies were com- 
puted for comparison only, and not with the intention of setting 
them up as standards. The variations in consumption between 
similar appliances and appliance combinations from company to 
company are too marked to justify drawing such general con- 
clusions. 

Taking the range as’ an example, the average annual consump- 
tion is shown to vary from 9.2 M.c.f. to 25.9 M.c.f. Both of these 
figures are considered quite reliable in their respective territories. 
A comparison of all averages and the related degree-day figures 
offers no explanation. Merely as a matter of conjecture it might 
be assumed that in the case of companies E and F the high aver- 
ages are due in part to the use of the range oven for kitchen heat- 
ing. For Company D, one might assume that the mild climate 
would practically eliminate the possibility of such use, and that in 
addition, a further reduction could be attributed to the tendency 
to eat lighter meals in warm regions. 

In the territory served by Company C, the more rigorous climate 
would imply permanent and adequate house heating equipment, 
which, with the presence of competitive sources of heat, may pos- 
sibly account for the low figure of this company. 

These assumptions are merely presented as such. They are not 
considered complete nor necessarily correct in all respects. Similar 
explanations might be formed for the remainder of the summarized 
data, as far as comparisons between companies are concerned, but 
the underlying trends become more complex and numerous in the 
case of appliance combinations. 

The average consumption of residences, particularly that com- 
puted on the basis of consumption per room, shows a remarkable 
uniformity for each company. All figures for a given company are 
of the same order of magnitude. 

The Summary of All Data on Families of Various Sizes contains 
only data of three companies. Data pertaining to the other com- 
panies could not be collected by them in the time available. It is 
interesting to note that the consumption per person varies approxi- 
mately (but not directly) in proportion to the degree-days. Future 
data on this subject may invalidate this conclusion, however. 
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The discussion of the differences between companies, as brought 
out by the summarized data, is intentionally limited. Such discus- 
sion involves many assumptions which can not always be proved, 
and which later developments may prove erroneous. It was con- 
sidered advisable to bring out facts in this report, limiting the 
explanation to points thought essential to establish relative values. 


TABLE NO. 1. SINGLE APPLIANCES 


————— 


Company A B C D E F 


Degree-days -......... 7500 2500 4400 1090 2000 2000 
No. of Installations 
eneveyvOe © ns... All data 
estimated 125 4290 640 3372 559 
ERB TES NCL EBS ARES ot SEN OC 8986 
Appliance M.c.f. per Annum 
ee ee 14.0 12.1 9.8 9.2 25.9 21.7 
Water Heater: 
SRT ater eases 3.6 GE AS ES ae ae ea ae 
eee i. ka 22.1 Be a a 30.9 
Average ............ 33.0 13.0 est. 14.5 14.4 ee 
Space Heater ....... ...... 23.0 est. 13.2 7.4 12.0 15.7 
Heatrola, etc. ........ 58.0 42.8 ee 
Floor Furnace ...... 58.0 42.8 43.2 20.0 Be aeeene 
Central Furnace.... 83.0 55.9 99.5 30.0 est. 78.9 64.5 
NN oe ae Se a 10.0 10.0 
pet. Pees. kc... RR) ae 5.6 . a 3.0 3.0 
ae ep Eee Seaport eit aie 
jrosiae Beetee... ..... © ...... es a 


TABLE NO. 2. RANGE ONLY 


Company Degree-days No. Surveyed Annual M.c.f. 
A 7500 50 (est.) 14.0 (est.) 
B 2500 15 12.1 
C 4400 676 9.8 
D 1090 16 9.2 
E 2000 122 25.9 
F 2000 50 21.7 
Total and Average............ 929 12.8 


TABLE NO. 3. WATER HEATER ONLY 
- Annual M.c.f. 


Number Surveyed 
Degree- Auto- 
Company days Manual matic’ Total Manual Automatic 


_ - — — 


A 7500 See detailed data 

B 2500 15 15 30 3.6 22.1 

C 4400 323 76 399 12.7 22.6 

D 1090 See detailed data 

E 2000 See detailed data ¥ bee 

F 2000 iain 450 450 New 30.9 
Totals and Averages 338 541 879 12.3 29.5 


TABLE NO. 4. RANGE AND WATER HEATER 


Company Degree-days No. Surveyed Annual M.c.f. 
A 7500 50 (est. ) 47.0 (est. ) 
B 2500 15. 24.9 
C 4400 2087. 18.3 
D 1090 130 18.8 
E 2000 398. 36.5 
F 2000 450. 52.6 
Total and Average........ oe 
TABLE NO. 5. RANGE, WATER HEATER AND 1 SPACE 
HEATER 
Company Degree-days No. Surveyed Annual M.c.f. 
A 7500 50 (est. ) 105.0 
B 2500 15 50.8 
©; 4400 200 31.5 
D 1090 32 27.4 
E 2000 1214 49.1 
F 2000 300 68.3 
Total and Averages 2406 1811. 51.5 


Note: Above averages are weighted according to the number 
of installations surveyed. 
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TABLE NO. 6. RANGE, WATER HEATER AND 2 SPACE TABLE NO. 8. RANGE, WATER HEATER AND CENTRAL 
HEATERS FURNACE 


Company Degree-days No. Surveyed Annual M.c.f. 


7500 50 (est.) 130.0 (est.) 
7500 20 (est.) 163.0 (est. ) 2500 15 80.8 

2500 15 41.6 4400 537 117.8 

4400 134 38.3 1090 14 44.6 

1090 2 38.0 2000 108 117.0 

2000 370 56.4 2000 150 (est.) 117.1 

2000 50 (approx.) 75.0 (approx.) — —— a 

— — eke — 3784 874. 116.0 

2743 591 56.6 


Company Degree-days No. Surveyed Annual M.c.f. 


TABLE NO. 9. RANGE, WATER HEATER, SPACE HEATER 


AND REFRIGERATOR 
TABLE NO. 7. RANGE, WATER HEATER AND FLOOR 


FURNACE Degree-days No. Surveyed Annual M.c.f. 


— 7500 50 (est.) 115.0 (est. ) 
Company Degree-days No. Surveyed Annual M.c.f. 2500 15 


60.8 
: 4400 41.9 
7500 20 (est. ) 105.0 (est.) 1090 37.4 
2500 58.5 2000 59.1 
4400 61.5 2000 , 86.6 
1090 40.7 wiles —_—— 


2000 63.5 2472 66.2 


—_— ——_— et ee 


4150 236 63.9 Note: In the case of companies A, B, D and E the average 
M.c.f. figures were obtained by adding 10 M.c.f. (Refrigerator) 
to values given in table on “Range, Water Heater and 1 Space 
Heater.”’ 


Note: Averages are weighted according to the number of in- 
stallations surveyed. 


TABLE NO. 10. ANNUAL M.c.f. FOR RESIDENCES OF VARIOUS SIZES. 


Number of Rooms in Each House 
No. of 6 7 
Degree Houses 
Company days Surveyed 743 


Annual M. c.f. 


7500 100 (Figures estimated) 182.5 200.0 242.5 
4400 790 32.6 52.0 60.6 68.2 91.1 
1090 196 10.4 15.7 19.0 31.0 
2000 1013 34.7 47.7 
2000 559 44.7 58.6 


oo 


2658 
TABLE NO. 11. ANNUAL M.c.f. PER ROOM IN RESIDENCES OF VARIOUS SIZES 


Number of Rooms in Each House 


No. of 
Degree Houses 
days Surveyed 


Annual M. c. f. 


A 7500 100 (Figures estimated ) : 40.0 40.4 
4400 790 13.6 15.2 

D 1090 196 ‘ 5.2 

E 2000 1013 . : 7.9 

F 2000 559 9.8 

Total 2,658 

Total Rooms: 16,809 


TABLE NO. 12. FAMILIES OF VARIOUS SIZES 


Company: C D E 

Degree-days: 4400 1090 2000 Total 
Average Average Average No. of 

No. of Persons Families Annual Families Annual Families Annual Families 

Incl. Servants Surveyed M. c. f. Surveyed M. c. f. Surveyed Surveyed 


17 59.4 9 £25 26 
204 72.3 47 20.3 251 
209 87.7 35 . ° 815 
187 91.4 39 ‘ 646 

99 111.1 19 : . 140 

39 117.5 2 41 

12 


won Du & WN = 


Totals and Averages................ 
No. of Persons... 
Person per Family 
M. c.f. per Person 


Note: Figures for Company E are averages calculated from detailed data and do not accurately represent the classifica- 
tions in which they are shown, 
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TABLE NO. 13. ANNUAL CONSUMPTION — RESIDENCES TABLE NO. 15. ANNUAL CONSUMPTION OF VARIOUS 
OF VARIOUS SIZES—COMPANY A—7500 DEGREE-DAYS APPLIANCES — COMPANY C: 4400 DEGREE-DAYS. 
Estimated Annual M. c.f. No. of Customers Annual M.c. f, 
Cooking Water Cooking Appliances Surveyed Per Customer 
Water and Heating W.H. — : Sr as ra Se 
Classof Cooking Heating Water House and House House Cooking and Water Heating 
Residence only only Heating Heating Heating Heating Closed top range and Tank heater...... 750 19.8 
Small Closed top range and Instantaneous 
4 Room.... 9.9 14.9 21.8 161.0 176.0 182.5 eater nae enceeceeenecescennntnneneenenns 25 49.4 
Medium Closed top range and Storage heater 31 35.0 
4 Room....11.9 16.8 24.8 176.6 187.5 200.0 some 
Small ETI TLE eS OTS 806 21.4 
6 Room....15.0 19.8 31.4 214.5 237.0 242.5 
Medium Open top range and Tank heater........ 647 17.3 
6 Room....21.5 22.5 39.6 256.0 278.0 295.5 Open top range and Instantaneous 
: Re 25.5 25.7 45.0 299.0 321.0 tt PERE OIE NE “a i 
00m ...... ; ‘ ‘ ‘ ‘ 342.0 
12 Room......35.1 343 694 426.0 461.0 500.0 ee eee = 
Note: House Heating estimate based on gas-designed equipment. BE EE ie eee RRR 701 18.3 
For conversion equipment add from 10% to 15% to above figures. 
Cooker and Tank heater........................ 52 12.2 
TABLE NO. 14. ANNUAL CONSUMPTION OF VARIOUS Cooker and Instantaneous heater.......... 1 79.0 
APPLIANCES — COMPANY C: 4400 DEGREE-DAYS Cooker and Storage NSS GRIST 3 13.2 
No. of Customers Annual M.c. f. ere 
Appliances Surveyed Per Consumer Sub-Total -................---.-csecsssseeseseeees 56 13.2 
Cooking Only Plate and Tank heater ................. wae) 129 9.7 
y nasag top ranges.......... - 14.8 Plate and Instantaneous heater .......... 8 20.9 
pen top ranges................. in ee 10.2 ) 
Re 5] 7 6 Plate and Storage heater ...................... 13 40.1 
Rg RE Co aaa © SA aN ot REN 171 5.6 ‘ D 
Combination ranges ........... 156 9.7 Sea Tot nna aannnneeenaneneneeeennnnnennen awe BS. 
Wed oe eee he 676 5 Combination range and Tank heater.. 354 14.7 
Combination range and Storage 
Water Heating Only RI ilo circssininnsniesciipeablieicnddigtiincainiscwnes 10 35.6 
ar Wee Wentere 323 12.7 Combination range and Instantaneous 
Instantaneous heaters 28 22.9 NS EEE AS See ERIE RAO A TTT 10 21.4 
eee Se ARs EEN SO NEY 48 22.4 
donitabi junciil 2g AERA <a SS 374 15.2 
WIE oie spain sarin ics one 14.5 . . 
Ironing Machines only.......................... 5 1.7 Total range and Water heater........2,087 18.3 
Refrigerators OILY -.-----eeeonseeeeesnneeeccnneercensees : 10.4 Range and Ironing Machine...................... 9 17.8 
Incinerators only eee 4.0 
Househeating Only Water Heater and Ironing Machine 
em MO: SS 515 95.7 Tank heater and Iromet..................... detto ae 18.3 
Boilers—steam, water, vapor................ 22 188.5 Instantaneous heater and Ironer.......... 1 60.0 
Soar nga saenneein “te osu Storage heater and Ironer.................... wet 55.0 
Heatrolas and Space Heaters................ 22 47.8 | BARRE NS a SOR 9 Dae A ASE RE 17 33.5 
RES LI 9 45.2 
Househeating Combinations Range and Refrigerator er nt 12 vee 
Warm air furnace and Radiant fire... 41 88.5 Range, Refrigerator and [roner................ ; a4.4 
- Warm air furnace and Heatrola.......... 1 42.7 Water Heater and Refrigerator.............. 9 23.9 
Warm air furnace and Floor heater.. 4 61.0 Water Heater, Ironer and Incinerator... 1 57.0 
Boiler and Radiant fire ........................ 8 95.7 Range, Water Heater and Refrigerator 110 24.9 
Boiler and Floor heater ........................ 1 73.0 R Water Heat dl 58 28 5 
Floor heater and Radiant fire.............. 13 49.8 ae ae = 
Heatrola and Radiant fire................. 3 84.0 Range, Water Heater, Refrigerator and 
Unit radiator and Radiant fire............ 2 112.0 TrOMET -....-----------eeeeeeeeeecneeeeeeeeeeees seseeteeeeeeees 14 23.4 
—. —- Range, Water Heater, Incinerator and 
Total Househeating ...............0............ 943 73.9 Geile ie aan ae RARE 8 SAARC ae 1 33.0 


TABLE NO. 16. ANNUAL CONSUMPTION—RESIDENCES OF VARIOUS SIZES—COMPANY C: 4400 DEGREE-DAYS 


No. of Average Annual Consumption—M.c.f. 

No. of Houses Domestic Househeating Total 

Rooms Surveyed House Room House Room House Room 
2 2 8.7 4.4 23.9 11.9 32.6 16.3 
3 16 13.9 4.6 38.1 12.7 52.0 17.3 
4 110 16.0 4.0 44.6 11.1 60.6 15.1 
5 215 16.0 3.2 52.2 10.4 68.2 13.6 
6 180 18.3 3.1 72.8 12.1 91.1 15.2 
7 110 21.6 3.1 $5.0 12.1 106.6 15.2 
8 91 22.7 2.8 99.3 12.5 122.5 15.3 
9 34 37.6 4.2 109.2 12.1 146.8 16.3 
10 and larger _ 32 36.1 (3.5) 133.3 (12. ) 169.4 (15.5) 

Total 790 


Averages 19.8 71.2 91.0 
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TABLE NO. 17.—ANNUAL CONSUMPTION—FAMILIES OF VARIOUS SIZES—COMPANY C: 4400 DEGREE-DAYS 
No. of Average Annual Consumption—M.c.f. 

No. of Persons Families Domestic Househeating Total 
Family Servants Surveyed Family Person Family Person Family Person 
1 wit 17 11.3 11.3 48.1 48.1 59.4 59.4 
l 1 3 17.7 8.9 $9.8 44.9 107.5 53.8 
l 3 1 79.4 19.9 318.0 79.5 397.4 99.4 
2 re 201 15.2 7.6 56.5 28.3 71.7 35.9 
2 l 21 25.1 8.4 115.5 38.5 140.6 46.9 
2 2 1 50.9 12.7 3.1 0.8 54.0 13.5 
2 3 1 18.8 3.8 323.0 64.6 341.8 68.4 
3 188 18.2 6.1 63.7 21.2 $1.9 27.3 
3 1 28 27.7 6.9 106.0 26.5 133.7 33.4 
3 1 95.1 19.0 193.5 38.7 288.6 57.7 
4 ce 157 17.2 4.3 65.0 16.2 82.2 20.5 
4 1 35 34.2 6.8 125.5 25.1 159.7 31.9 
+ 2 3 41.8 7.9 153.0 25.5 194.8 33.4 
4 3 1 57.0 8.1 198.5 28.3 255.5 36.4 
5 62 18.8 3.8 58.2 11.6 77.0 15.4 
5 1 16 28.2 4.7 108.5 18.1 136.7 22.8 
5 3 2 109.2 13.6 285.0 35.6 394.2 49.2 
6 van 20 18.2 3.0 72.4 12.1 90.6 15.1 
6 1 6 23.6 3.4 128.0 18.3 151.6 21.7 
6 3 1 100.2 11.1 355.0 39.4 455.2 50.5 
7 ska 5 29.0 4.1 47.2 6.7 76.2 10.8 
7 1 2 36.9 4.6 75.6 9.4 112.5 14.0 
8 1 + 63.9 7.1 120.0 13.3 183.9 20.4 


TABLE NO. 18.—ANNUAL CONSUMPTION OF APPLIANCE COMBINATION—M.C.F.—CITY A—COMPANY E: 2000 
DEGREE-DAYS 

Class I Class II Class III Class IV Class V Summary 
Avg. 
No. Per No. Per No. Per No. Per No. Per Total per 
Combinations Houses House Houses House Houses House Houses House Houses House Houses House 
I I ii is oesinccrene dep aliadaiiiiuias ° aniad ane ah sit 1 50.9 9 17.5 24 21.1 34 21.0 
Range, Water Heater............ 2 52.3 2 24.3 36 31.9 51 25.8 18 23.2 109 27.9 
Range, Space Heater............... ie Shes 2 28.2 7 32.8 20 29.2 27 25.6 56 27.9 
Re RRC LSE cen eo te ge ‘ea RC a 1 11.1 nek re ab abi 1 11.1 
oe pe ep . SR ence ec 6 65.4 35 48.3 303 44.3 269 36.9 57 35.4 670 41.0 
: Range W. H., Furmace......................... 9 126.8 10 98.2 51 78.0 6 60.5 tas ‘ie 76 85.1 
Range W. H., Sp. H., Furnace............ 3 40.8 7 79.8 17 59.4 1 40.8 a is 28 61.9 
PS Ta. ig Bh ivvnivic tc cisco 1 87.8 sen joie wea ia 1 $7.8 
Range W. H., Sp. H., Refrigerator... .... hes 1 $2.4 3 49.9 4 58.0 
Range W. H., Sp. H., Hot Plate........ .... Une 1 75.9 2 14.8 3 35.2 
Range, W. H. Furnace, Refrigerator .... CAS aa wits 1 140.8 1 140.8 
Ramee ae. £5. Bee wee i es 1 13.0 oe 1 13.0 
Range, W. H., Sp. H. Mangle............ .... sp shes ie 1 37.2 1 37.2 
We ee TE a aisles we ian pre es nie nes 1 19.7 1 7.3 y 13.5 
| Water and Space Heater....................... .... ae 8 38.5 2 34.3 3 27.2 13 35.2 
| Water Heater, Furnace.......................... 1 143.7 1 66.7 ial ss pc a: Sa 
| Water H., Sp. H., Hot Plate................ .... a 1 §2.9 2 33.6 1 33.2 4 38.3 
| Wes. tem Oe Re es nn ie ee sake ues 1 87.3 
| Water Heater, Hot Plate...........0...00.00.. .... oat 1 16.8 1 16.8 
| mee REGMONE WN he i 1 18.0 1 18.0 
| Space Heater Hot Plate........................ .... mat Si wa = 3) oS ic: 1 12.7 1 12.7 
Ne I ites isd nah eitedirhencnitnncbsiomie ee a am ins iin his 1 13.4 2 11.9 3 12.4 
| Totals and Averages... 22 «90.5 iB COL2i«484C 4B 862847) 37—Sss28.2—S,013S 42.1 


Class I: Expensive houses, 10 rooms or larger; Class II: Average 9 to 10 room house; Class III: Expensive 5 to 8 room 


. | houses; Class IV: Average type 5 to 8 room houses; Class V: Houses of + rooms or less. 


ANNUAL CONSUMPTION OF APPLIANCE COMBINATIONS M.C.F.—COMPANY F: 2000 DEGREE- 
DAYS 
No. of Rooms in Houses 


TABLE NO. 19. 


12 or Total Avg. per 
5 or less 6 7 8 9 10 11 more Houses Combin- 
No. of Houses Surveyed...................... 79 74 75 79 74 64 53 61 559 ation 
Appliance Combinations: 
RN ON ee 21.6 26.4 22.8 20.4 17.4 19.8 21.6 24.0 21.7 
Range, Water Heater...................... 28.8 38.4 40.2 41.4 60.0 58.2 56.4 97.8 52.6 
Range, W. H., Space H................. .. 45.6 52.8 60.0 63.0 74.5 80.4 68.4 102.0 68.3 
| Range, W. H., Sp. H. Refr............... 61.1 51.6 82.2 82.2 104.3 126.0 99.0 86.6 
| Water and Sp. Heaters.................... 25.2 44.4 57.6 55.8 27.0 ee =e au 42.5 
| Water Heater, Furnace..... .............. 57.0 84.0 70.8 66.0 70.2 118.8 114.6 180.0 95.1 
| Range, W. H., Furnace............ LP: 66.0 75.0 96.0 104.3 118.8 133.2 1338.0 205.3 117.1 
| Range, W. H., Furn. Refrig........... .... 105.6 98.4 102.0 129.7 147.7 216.0 116.3 130.8 
| sain fe Sao seal ieee ocipadine savin aliases ail 
Average M.c.f. per House.............. 44.7 58.6 76.7 84.0 96.1 117.7 125.5 173.3 
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Liquid Gas* 


OUR committee on Liquid Gas has given the subject careful 

study and finds that much has been written on the subject 

during the past year or two. For this reason and because the 
subject will probably be given consideration by the Technical Sec- 
tion it was decided to avoid the technical phases of the question to 
a large degree and deal more with the economic and commercial 
questions, although it was difficult to omit the technical phases 
entirely. The work of the committee was 
divided among the various members, each 
member covering one particular subject as 
follows: 


1. Butane-Aid Plants 

2. Straight Liquid Vapor Gas Plants 

3. Tank Gas (Individual Tanks Sold to 
Consumers) 

4. The Use of Butane as an Enricher in the 
Manufacture of Oil and Water Gas. 


The preliminary report of this committee 
indicated that a paper would be prepared on 
the subject of “Individual Butane Plants for 
Large Industrial Consumers.” Considerable 
dificulty was encountered in securing accur- 
ate information of particular value for the 
subject and as the time became limited it 
was thought advisable to eliminate the subject from the report this 
year with the recommendation that next year’s committee give it 
consideration. 


H. L. Farrar 


BUTANE-AIR PLANTST 


ANY small communities not enjoying the benefits of gas for 
fuel may be able to support a gas plant of the butane-air 
type. During the past year plants of this kind have been 

installed in more than 100 towns in the United States—20 per cent 
of which are near the Pacific Coast. 

Town leaders in small communities through their efforts to build 
up and through community pride frequently offer too much en- 
couragement to the utility considering the installation of a plant. 
On the other hand there are many small towns which should be 
considered. 

The economic occasion for and the commercial possibilities of 
gas as applied to any community’s needs and desires should be 
carefully determined before a decision is reached to construct a 
butane-air plant. Comprehensive surveys should be made, prefer- 
ably by parties not having a promotional interest in the develop- 
ment. Items to be considered in such a preliminary survey will 
be considered briefly. 

Geographical location is important as the distance from the 
source of butane supply and the available means of transportation 
are reflected directly in the laid down cost of liquid butane. If the 
property is to be a part of an extensive system supervised from a 
central office this distance is apparent in operating costs commen- 
cing with the small items of express and postage on meter books, 
reports, et cetera, and continuing through the expense of emergency 
repairs, inspection trips, moving when a change in personnel is 
necessary or sales and home service work are undertaken by an 
outside crew. 

Climatic conditions also have a direct bearing as high tempera- 
tures in summer encourage the use of gas for cooking, water heat- 
ing and gas refrigeration, while severe low temperatures in winter 
discourage central heating, cooking and water heating, and mild 
winter weather opens the field of house heating, auxiliary space 
heating and guarantees year round water heating and cooking 
loads. 

Statistics of other utilities tell various stories—the number of 
residential telephones reflect the progressiveness of the people and 
in a measure their purchasing power. The number of electric 
meters gives little information unless these can be classified as to 
load. The number of electric ranges in use may reflect a high cus- 
tomer acceptance of modern conveniences, but more often it indi- 
cates a low or promotive electric rate. 

The prices of competitive fuels, such as coal, wood, oil or elec- 
tricity, should be taken into consideration but low priced competition 
is not to be feared if the community has the ability to buy the more 
speedy and convenient fuel-gas. 


*Committee Report: H. L. Farrar, Chairman, Standard Management & Operating 
Corp.; F. S. Honberger, So. Calif. Gas Co ; F. A. Hough, So. Counties Gas Co.; 
E. M. Lindsey, Natural Gas Corp. of Calif’: A. E. Strong, Natural Gas Corpora- 
tions of Oregon and Washington. 


TSubmitted by A. E. Strong, General Manager Natural Gas Corporations of 
Oregon and Washington, 
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The amount of local pay-rolls and diversity of industry are 
important factors and if an organization is large enough it is well 
to serve towns of various types so that poor business conditions in 
one may be offset by good conditions in another. Other data such 
as census figures over the past 30 years, area, tax rates, assessed 
valuations, amount of paving, newspapers and banks are useful 
in forecasting future growth. 

All of the foregoing is valuable, but even when these all seem 
favorable, final test should be made of the community’s sincerity of 
purpose by signing up the desired number of services and obtaining 
a reasonably high deposit to be held in trust until gas is turned 
on or returned if the completed project is not carried out. 


Plant Investment 


While the amounts invested in butane-air plants have varied 
largely, the estimates shown in Table No. 1 for plants to serve 
the number of consumers indicated appear to be reasonable. 

A preliminary study made before changing the source of gas 
supply in a community already served, includes many factors that 
were diagnosed in the new location survey, but in an old property 
are definitely known. We have the exact number of meters and 
a record of send-out and gas revenue per meter. It is known tha 
manufacturing costs (coal-gas, water-gas, oil-gas) vary greatly— 
ranging from 30 to 90 cents per M.c.f.—if the cost of gas is 40 
cents or over the butane-air figures will be of decided interest. 


TABLE NO. 1. REASONABLE INVESTMENT 


Customers 
to be served 1500 to 2500 500 to 1500 100 to 500 
I ae ee $ 700 $ 700 $ 500 
ks, | ROE Rem er Hey 700 700 700 
I i ce 500 500 500 
RELIES See a 1,800 1,300 1,100 
SS ee oer 20,000 13,000 5,400 
Liquid Storage ........... ge 4,000 4,000 2,500 
SE ge SAE 2,500 2,000 2,000 
Valves and Regulators........ 2,000 1,800 1,500 
CeGMPCRROES . .n....-0525.~..-- cue - OO 2,500 1,200 
RR RAR RAR Oe a 1,500 1,000 350 
Ne lowaiieg 2,300 1,500 1,250 
$41,000 $29,000 $17,000 


It should be remembered that in this discussion our attention 
is directed to properties of 2500 meters or less and it is desired 
to give an even quality artificial gas with all of the advantages 
of gas fuel at the lowest profitable rate. If the butane-air oper- 


. ating cost figures look favorable compared to the present operating 


figures, there is still an additional major cost item outside of the 
plant investment which must be considered. This is the cost of 
appliance conversion. 


Appliance Adjustment 


The cost of change-over may be briefly considered. The charac- 
teristics of butane-air gas necessitate working over every burner 
in the field. Appliances conforming with the American Gas Asso- 
ciation’s laboratory standards for natural or artificial gas may be 
easily converted, but an advance investigation must be made of 
all burners with a record maintained of the work to be done, and 
the new parts necessary to adapt the appliance for the new butane- 
air gas. This will save unnecessary complaints and delay during 
the actual change-over period. For example, a standard made gas 
range will require new adjustable orifice caps of the speed reducing 
type—the burners themselves may require enlarged port areas. As 
a rule there is no change necessary in the burner height, but a 
careful check should be made to see that the ports of the oven 
burner are so arranged as to give proper flame travel from port 
to port when the burner is lighted. Cookers or single oven stoves 
having the Graves type of oven burner lighter are not acceptable 
as the oven burners do not light positively or quickly enough in 
advance of the entire burner chamber filling with gas. It is neces- 
sary to have some positive method of lighting the burner, either 
by changing the oven bottom to the semi-direct type or by a lighter 
opening in the front or side wall of the oven. On tank water 
heaters it is usually mecessary to raise the burner closer to the 
coils. In the instance of automatic storage heaters (especially the 
lower priced heaters), it is often necessary to entirely replace the 
burner. With commercial cooking and baking appliances in addi- 
tion to the speed orifice caps, the redrilling of burner ports and re- 
placing of burners themselves is often necessary. For space heaters 
it is sometimes advisable to redrill burner ports and provide extra 
ports to insure proper ignition when the burner is lighted. Indus- 
trial equipment requires a change of existing air proportions and 
often entire new burner equipment. 
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Since the specific gravity of butane-air gas is relatively high, long 
runs of small diameter piping must be changed and occasionally 
old types of illuminating appliances must be replaced. 

The cost of making such change-over will vary greatly in dif- 
ferent communities. Data obtained during the last few months in 
a community of 1500 meters discloses a total change-over expense 
of $14,000. This figure is believed to be low, as comparatively few 
obsolete appliances were encountered where complete replacement 
was necessary and house-piping sizes with a very few exceptions 
were found adequate. Men were employed who had had consider- 
able previous experience on appliance conversion work (from 
manufactured to natural) and practically no schooling expense was 
required. 


TABLE NO. 2. APPLIANCE CHANGE-OVER COSTS 


1500 Meters 
Total Cost Cost per Meter 


350.00 $ .23 
. Laboratory and School Expense.... 700.00 46 
Labor 6,865.85 4.58 
. Living and Travel Expense............ 3,593.57 2.38 
. Truck Expense 515.38 34 
. Burners and Fittings.......................... 840.02 56 
. Orifice Caps and Tips...................... 437.97 30 
. Drills and Small Tools 147.70 11 
. Insurance ; 191.57 12 
. Printing and Advertising 143.70 10 
. Freight Exp. and Miscl 201.90 14 
. Supervisory Expense 495.00 .33 


© OAM WD = 


an 
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$14,482.66 $9.65 


Operating Costs 


In order to picture operating costs fairly, three different sized 
communities are presented in Table No. 3. These are not actual 
figures for any one particular town, but represent an estimate 
taken from actual results of a number of plants serving various 
sized communities. 


TABLE NO. 3. OPERATING COSTS 


Number of Consumers 1,500 500 
Annual M.c.f. Produced (550 B.t.u.).. 60,000 20,000 
Gallons Butane Used 330,000 115,000 
Gallons Butane per M.c.f............00......... 5.5 5.75 
Electric Power K..W.H. ........................ 108,000 48,000 
Electric Power per M.c.f......................... 1.8 2.4 


Cost Cost 
per per 
Amount M.c.f. Amount M.c.f. Amount M.c.f. 


Superintendence 
$.013 $ 500 $.025 $ 360 $.090 
Butane at 4c gal. 13,200 .220 4,600  .230 960 .240 
Freight on Butane 
.110 2,300 115 480 .120 
Electric Power.... 2,160 .036 1,440 .072 480 .120 
Water .004 100 .005 60 .015 
Maintenance -008 400 .020 300 .075 
Miscellaneous .... .006 180 .009 120 .030 


Total $23,860 $.397 $9,520 $476 $2,740 $.69 


The items showing wide variation are freight on butane and 
power cost. The freight item in properties considered varied from 
%4o of a cent per gallon to over 6 cents per gallon. Power costs 
refiect the load used. Averages obtained indicate a range from 
slightly less than 2 cents per K.W.H. net on the largest plants to 4 
cents on the smallest plant. It is interesting to note that the gas 
company in many instances becomes one of the best customers of 
the electric company. 

The item of Superintendence and Labor in the above estimate 
may, of course, be subject to question. It should be borne in mind, 
however, that these plants are automatic, require little or no atten- 
tion and a brief inspection once or twice daily is sufficient. In 
towns of 500 consumers or less and where extra effort for new 
business is not required, one man can handle all of the distribution 
work, plant operation, necessary local accounting, etc. In that 
case there would only be a small portion of his time allocated to 
production. 


WESTERN GAS 


Distribution operation presents no particular problems, although 
the effect of butane-air gas on the distribution system is not defi- 
nitely known and there is very little data available on the subject. 
It is, of course, a dry gas and will have much the same effect upon 
an old manufactured gas distribution system as dry natural gas has. 

The gas is practically free of sulphur and is odorless. As a 
safety measure and for the purpose of detecting leaks most com- 
panies furnishing butane gas find it necessary to use an odorant 
the same as most distributors of natural gas do. Calorodant, a 
product of Standard Oil Co. of California, is used extensively for 
this purpose and it proves quite satisfactory. Ethyl Mercaptan is 
used to some extent, especially om occasions when special leakage 
surveys are being made. 

To give satisfactory results at the burner, butane-air gas will 
not stand as wide a variation in pressure as will either natural or 
manufactured gas, although satisfactory results on a normal domestic 
appliance may be obtained with a variation of as much as 50 or 60 
per cent. Five or six inches of pressure at the consumer’s burner 
seems to be highly satisfactory. 

The number of complaints received is about the same as for a 
community serving natural gas, except, of course, due to rates there 
are naturally more high bill complaints than with natural gas. 


Rates 


The subject of rates may not be included in this report except as 
one of the economic factors upon which the commercial success of 
the property depends. We are presenting a rate that has been 
considered satisfactory in practice. A similar therm rate is shown 
since it has several advantages in presentation to the public, espe- 
cially where the prospective customers are familiar with electrical 
rates or there is a future possibility of a change in gas supply. 


General Service Rate: (550 B.t.u.) 


First 2000 cu. {t. at $2.20 per M.c.f. 

Next 3000 cu. ft. at $1.00 per M.c.f. 

All over 5000 cu. ft. at $ .90 per M.c.f. 
Minimum charge—$1.50 per meter per month. 


Similar Therm Rate: 


First 110 units at 4c per unit 

Next 165 units at 2c per unit 

All Over 275 units at 1%c per unit 

Minimum charge—$1.50 per meter per month. 
One Therm = 10 units = 100,000 B.t.u. 
One Unit = 18 cu. ft. of 555 B.t.u. Gas 


Considerable has been written on the subject of butane-air plants 
during the past year. An incomplete list of these articles will be 
found at the end of this report. 


LIQUID GAS VAPOR PLANT* 


IQUID petroleum gases, the liquid in their containers under 

their vapor pressure, have the advantage over the lower 

members of the paraffin series in that, in their liquid con- 
dition they may be transported in small bulk as compared with 
the necessity of long pipe transportation for those lower members. 
To take advantage of this reduction in volume and ease of trans- 
portation is the foundation of the liquid gas vapor plant whether 
the gas be delivered to the consumer as a mixture of gas and air 
or as a straight vapor, 

As is well known to the industry, the second and third members 
of the paraffin series, propane with a boiling point of 48°F. below 
zero and butane with its boiling point 33°F. above zero, especially 
lend themselves, because of their vapor pressures, to their use as 
gaseous fuels. 


Source of Supply 


The sources of supply may be either from the natural gasoline 
industry or from the cracking processes of the petroleum refineries. 
With the increase in the use of oil cracking processes this source 
of supply greatly augments the volume procured from the natural 
gasoline plants. 

The methods used in isolating and procuring these hydrocarbons 
are three in number—the adsorption, absorption and mechanical. 
In the adsorption method, solid absorbents such as silical gel and 
activated charcoal are used for condensing the hydrocarbons which 
are later separated from the adsorbents by distillation. A liquid 
solvent is used to absorb the higher hydrocarbons when the absorp- 
tion method is used. The absorbing medium is treated as in the 
adsorption method after which by compression, cooling, and frac- 
tionation the desired products are obtained. The third method 
requires the use of a compressor when high pressures and low 
temperatures liquefy the hydrocarbons which later can be frac- 


*Submitted by F. S. Hoenberger, Southern California Gas Company. 
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tionated. Of the three methods mentioned, the process for obtains 
ing these liquid fuels generally used is the absorption method. 


Transportation 


The problem of transportation of liquid fuels has been solved so 
that at present the size of the container is the only variable. This 
is done either through tank car or by tank truck. Arriving at the 
storage location, the transfer from the conveying container to the 
storage tank is readily accomplished by connecting with the pipe 
lines the lowest point of each tank—the equalizing line connect- 
ing the highest points of the two tanks. Then either by gravity or 


by pump the liquid is transferred from the conveying tank to storage. 


Properties of Fuels Used 


Up to this point there has been no diffierentiation between the 
gas-air and gaseous vapor systems used in supplying fuel to the 
consumer. Here, however, the divergence makes its appearance in 
the physical qualities of the hydro-carbons used. 

In the air-gas mixture it is possible to use a hydrocarbon of a 
lower boiling point, such as butane, since the dew point of the 
mixture is lower, naturally, than the point of condensation of the 
undiluted liquid. Since the gas delivered to the consumer must be 


capable of withstanding low temperatures, there is a decided ad- 
vantage for the air-gas system in that the dew point or condensation 
of the hydrocarbon is lowered so materially that a hydrocarbon 
with a high boiling point of butane can readily be used. An added 
advantage, too, is that a hydrocarbon of higher boiling point is more 
easily segregated from those of a lower boiling point. 

With the air-gas mixture, it is necessary to reduce the vapor 
pressure in the storage tank to the pressure of air at which the 
mixing takes place. It is then necessary to again, through mechan- 
ical means, apply enough energy to create pressures for both dis- 
tribution and pressure storage. The vapor pressure originally 
contained in the storage plant has to be dissipated or lowered, lost, 
to accomplish the mixing and then as just stated, work must be 
done upon the mixture to furnish the necessary pressure for dis- 
tribution and for pressure storage. An outside source of energy, 
usually an electric driven motor, is used to produce this required 
pressure. 

The undiluted propane-butane system takes advantage of the 
stored energy of the vapor pressures in the storage container and 
uses it to create distribution pressure. The storage tank is not 
only the-source of distribution pressure but also the reserve gas 
supply which takes the place of the pressure storage holder of the 
air-gas system. 

Since the value of the straight vapor system depends upon the 
ability to maintain sufhcient vapor pressure within the storage 
tanks over a wide range of temperatures, it is necessary in some 
instances to have recourse to seasonal mixtures. These mixtures 
of propane and butane must be such that at summer temperatures, 
such as obtained in desert localities, the storage tank pressures will 
not rise above the permitted tank pressure and so waste the valuable 
gases through the pressure relief valve. Again, in the winter season 
where zero or lower temperatures may be experienced, a mixture 
must be obtained which will have sufficient vapor pressure to main- 
tain adequate distribution pressure at all times. 

The variation in these mixtures must be such as to make the 
least possible difference in heat content between the summer and 
winter mix, since the effect on appliance adjustment should be as 
slight as possibly can be obtained. 


Design of a Straight Gas Vapor System 


The generating unit used in delivering undiluted gas vapor to the 
distribution system consists briefly in the application of multiple or 
tandem pressure regulation. When the wide range of vapor pres- 
sures created by the extremes of temperatures experinced in various 
localities is considered, it is readily understood why step-down 
pressure regulation is a necessity. 

A temperature of 125° may create a tank storage pressure of 
140-150 lbs. while a temperature of zero or below may produce a 
vapor pressure of but 10-15 Ibs. It is readily seen that these 
extremes must be considered and proper pressure regulation be 
employed. 
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Generator Design 


Both the air-gas and undiluted gas vapor system employ the same 
storage units. In order that the gas delivered to the distribution 
system will have a constant heat content, the line leading to the 
high pressure liquid regulators is taken from the bottom of the 
storage tank. If this were not done and the vapor taken from 
above the liquid, too great a variation in heating value of the 
delivered gas would take place through fractional distillation. The 
propane with a heat content of 2,600 B.t.u. per cubic foot would fill 
the distribution system and later with its dissipation, the butane 
would be delivered. Butane has a heat content of 3,300 B.t.u. For 
emergency purposes, however, this fractional distillation is advan- 
tageously employed and propane in cases of necessity delivered to 
the consumer. This variation of 700 heat units per cubic foot in a 
mixture which approximates 2,800 heat units per cubic foot cannot 
be ignored. 

The liquid hydrocarbon is delivered to the high pressure liquid 
regulators at the pressure of the vapor of the liquid at the corre- 
sponding temperature. The regulator used may be the oxygen 
type used for pressure reduction in acetylene welding or a specially 
designed piece of equipment. After passing through a regulator 
orifice % inch in diameter, the gas passes into the heater. In its 
transition from the liquid to the vapor state work is being done 
and on days of high humidity these regulators are covered with 
ice. The pressure is reduced from storage tank pressure to any 
intermediate pressure chosen, usually 10 pounds. This is the pres- 
sure at which the: gas passes through the heater which is usually 
maintained at 140°F. The gas then passes into the second stage 
of pressure reduction without the possibility of freezing the second 
regulator. 

The liquid regulators may be several in number, two or three 
usually; this number being used as a precaution against the freez- 


ing or stoppage of the small orifice of the regulator. The regula- 
tors are set at pressures one or two pounds apart so that with the 
stoppage of the regulator of highest “set”, the next in regulation 
will take the load, thus insuring a continual supply through the 
heater and to the next pressure regulation stage. 


The heater is of simple construction and may be made by placing 
a 6-inch pipe within an 8-inch one, the hot water passing through 
the center pipe, the gas being contained in the annular space be- 
tween the two pipes. The hot water can be furnished by any 
standard automatic storage water heater. One of 20-gallon 
capacity is sufficient to carry a load of 1,200 cu. ft. of gas per hour 
at 8-inch distribution pressure. 


The efhciency of the heating unit is maintained through proper 
insulation. 

The second pressure regulation stage reduces the gas to the pres- 
sure to that in the distribution system. This regulator is of the 
house type with 2-inch inlet and outlet. The capacity of the regu- 
lator is 1,200 cu. ft. per hour with 10 pounds inlet and 8-inch 
outlet pressure. After leaving this last regulator, the gas passes 
through the station meter,—its size depending upon the demand 
of the community. 

To insure an absolutely uninterrupted supply of gas to the dis- 
tribution mains, secondary or emergency units of pressure regulation 
are added which may act independently of the first liquid unit. 
This secondary unit consists of a 2-inch high pressure regulator 
and a low pressure regulator similar to the one used in the last 
stage of liquid unit, but is set 2 inches lower than that. 

If the liquid unit should cease to function, then the vapor regu- 
lator set for a lower pressure will spill into the common header 
into which the gas for the liquid unit also spills, this header being 
placed before the station meter. 

The vapor supplying this emergency unit is taken the 


from 
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upper portion of the storage tanks over the surface of the stored 
liquid. Since the liquid consists of a mixture of two hydrocar- 
bons of different boiling points, fractional distillation enables the 
lighter to be used to supply the emergency unit. Although the 
heat value of this lighter hydrocarbon is considerably less than the 
heavier constituent, still the supply of gas is maintained. 


TANK GAS* 


ANK gas, by which is meant liquefied petroleum gas, (de- 

livered in and used from small portable tanks) during the 

last three or four years has become a very important fuel in 
certain fields. Its greatest use has been in domestic and commer- 
cial applications beyond the reach of gas mains, and it is satisfac- 
tory for every purpose for which manufactured or natural gas is 
used, the only limitation being that of cost. 

At the present time the price is too high to find very extensive 
use outside of domestic cooking and water heating. Commercial 
users are almost entirely restricted to cooking and water heating in 
restaurants or lunch counters and operation of chicken brooders. 

The principal industrial uses are operation of cutting torches 
and heating of compound for pipe wrapping machines, although 
an ingenious system has recently been devised for operating a 
refrigerator truck. Liquid propane is throttled through an expan- 
sion valve to almost atmospheric pressure, at which its temperature 
is about —45° F. The liquid is evaporated in the refrigerating 
coils in the truck, from which the vapor passes to a special car- 
buretor and is used in operating the truck. 

The growth of the tank gas business has been very rapid since 
its inception, the rate of increase being only slightly less in 1931 
than in 1929 and 1930. 


Tank Gas Competitors 


The competitors of tank gas are: 
1. Electricity 
2. Kerosene or gasoline 
3. Wood 
4. Coal 


Electricity for cooking is difficult to displace in homes where 
already established. As a rule this can only be done where the 
cost of electricity is so high compared with tank gas that the 
savings will repay the cost of the electric stove, and a new gas 
stove within two or three years. Gas has the advantage over elec- 
tricity of being much faster in top burner cooking operations and 
of being more flexible. At first tank gas stoves were handicapped 
by lower burner efficiency than electric stoves, but this has been 
overcome except in the ovens and even this can be accomplished 
by means of better insulation. Table No. 4 gives the costs of tank 
gas and electricity for equivalent B.t.u.’s: 


TABLE NO. 4. COMPARATIVE COSTS OF TANK GAS 
AND ELECTRIC ENERGY ON B.T.U. BASIS 


Tank Gas Electric Energy 
Cost per K.W.H. to equal 
Cost per Cost per Tank Gas Cost 
Ib. Gallon Assuming Equal Efficiencies. 
7c 30.45¢ l.lic 
8 34.80 1.27 
9 39.15 1.43 
10 43.50 1.59 
11 47.85 1.75 
12 52.20 1.91 
13 56.55 2.07 


Kerosene or gasoline for cooking costs average about one quarter 
as much as tank gas. There is, however, no great difficulty in 
displacing them in the better homes during normal times, due to 
the superiority of the gas fuel. The disadvantages of kerosene or 
gasoline for domestic use are: 


1. Most kerosene stoves are sold to a low price market and 
therefore are the equivalent of a two- or three-burner gas plate. 
Baking or roasting operations call for a portable oven. The per- 
centage of kerosene stoves in use of the wick burner type with 
built-in ovens is very small, although the vapor type stove has long 
been available in standard gas range styles. 

2. The odor of kerosene is always present and since the flame 
adjustment depends upon the user’s skill and attention, there is 
often the nuisance of smoke with the resultant blackened cooking 
utensils, smudged walls and curtains. 


*Submitted by E. M. Lindsey, Natural Gas Corp. of California. 
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3. Kerosene stoves create a greater fire hazard than tank gas. 


4. Kerosene stoves require frequent filling of tank and must be 
cleaned more often than a gas stove. 

Wood, coal and gasoline, as competitors of tank gas depend very 
largely on the availability and price in each particular territory 
to be served. In dry or desert countries where there is little or 
no wood, tank gas has only electricity, kerosene or gasoline for 
competition. In northern California and particularly in the north- 
west, wood is cheap and plentiful, creating a serious competition 
for tank gas, especially in colder climates where kitchen stoves are 
fired all day long in winter to keep the houses warm. 


Tank Gas an Ally to Gas Utilities 


Tank gas distribution around the edges of towns having gas dis- 
tribution systems is performing a function that is really a favor 
to the gas utility. 

1. It serves districts that can not be very profitable to the gas 
utility, yet into which it would often be forced to extend for pub- 
lic relations or other reasons. 

2. It creates gas-minded consumers and keeps out competitive 
fuels until the gas utility extends its mains. 

3. When the gas utility does extend its mains it picks up a known 
load. 

4. The gas utility can defer main extensions until it can get 
more than the usual one customer per hundred feet of main. 


This arrangement is to the mutual advantage of both tank gas 
distributor and gas utility, because what is poor territory to the 
latter is good territory to the former. 

The cost of gas distribution systems vary from $100 to $150 per 
consumer in large cities, and runs to $200 or more per consumer in 
small towns. The cost of tank gas installations varies from $40 
to $120 per consumer and in the majority of cases the consumer 
bears a portion of this cost. 

The difference in cost of tank gas installations, namely, from 
$40 to $120 per consumer, is regulated by the difference in the cost 
of the many different types of installations that are available. In 
giving consideration to the cost of bottled gas installations, one must 
also consider the large capital investment to be made by any com- 
pany entering the business, if they are to build for the future 
through providing quality equipment, that is, long-life equipment, 
and likewise place themselves in a position to give to the customer 
that best of service which he invariably demands and to which 
he is entitled. Consideration must also be given to the cost of 
the equipment essential in the setting up of a high-type bottled gas 
installation. The distributor must purchase three cylinders for 
each installation, two being installed, and the third held by the 
distributor to insure prompt replacement of empty cylinders. 

A company entering the bottled gas business will require suit- 
able warehouses, automotive equipment and man power for its 
sale, distribution and service work. A company which is already 
set up with these overhead investments from which it is procuring 
revenue through other sources is in a much better position to make 
a success of bottled gas sales. The company or companies not set 
up to economically do these things, must give careful consideration 
to the large capital investment needed. 


Kinds of Tank Gas Marketed 


In general there are two kinds of tank gas being marketed on 
the Pacific Coast at the present time. 


1. Commercial propane, containing a small amount of ethane 
and sometimes a small amount of iso-butane and normal butane. 
This liquid has a vapor pressure of about 120 Ibs. gauge pres- 
sure at 70° F. and a boiling temperature of —44° F. at atmospheric 
pressure. 

2. Propane-butane mixtures, containing about 50 per cent pro- 
pane and the remainder iso-butane and normal butane. This mix- 
ture is often varied according to the season of the year and the 
climate in which it is used. It has a vapor pressure of about 
70 Ibs. gauge at 70° F. and a boiling point of about 0° F. at 5 Ibs. 
gauge pressure. 

The principal advantage of commercial propane is the fact that 
its low boiling point will cause it to vaporize always at the lowest 
temperatures encountered anywhere on the Pacific Slope. Its vapor 
has a practical constant heat value from the full to empty tank. 
On the other hand, the high vapor pressure requires a tank de- 
signed to hold a pressure up to 300 pounds per square inch. The 
tare weight of such a tank holding 21 gallons is from 110 to 120 
pounds. This type of tank is filled at the point of production and 
shipped by truck, water or freight to distribution points on the 
Pacific Coast. Empty tanks are returned to production point for 
filling. 

The advantage of propane-butane mixtures is the low vapor 
pressure which makes it possible to use much lighter and cheaper 
tanks. The comparatively low vapor pressure makes it possible 
to truck 800-lb. tanks from the production point to nearby distri- 
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bution points and refill consumers tanks there. Tanks for more dis- 
tant distribution points can be shipped more cheaply than com- 
mercial propane on account of the smaller tare weight. The dis- 
advantage of propane-butane mixtures lies in their climatic limita- 
tions. The reason for the limitation to the use of propane-butane 
mixtures is in the “weathering” effect that takes place in drawing 
vapor from the top of the tank. A full tank of liquid containing 
50 per cent propane will give off vapor containing about 75 per 
cent propane. As the liquid is used up its percentage of propane 
will rapidly decrease until when about 10 per cent of the original 
liquid is left, practically all the propane will be gone. The re- 
maining liquid will be mostly normal butane, some iso-butane and 
a small percentage (less than 2 per cent) of propane. During 
the evaporation process the boiling temperature (at atmospheric 
pressure) steadily increases from —44° F. to +32° F. Thus any 
weather that would chill the liquid to 32° or less, when the tank is 
nearly empty, would make the system inoperative. 


At the present time propane-butane mixtures are being distri- 
buted in central and southern California. Unless some means of 
vaporization other than heat of the air is resorted to, this mixture 
can not be used in climates where lower than freezing tempera- 
tures occur except on rare occasions. 


The variation of heat value of the gas from 2700 B.t.u. per 
cu. ft. at the full tank to 3260 B.t.u. at the empty tank, does not 
appear to affect the burner efficiency. 


On the Pacific Coast the equipment for a tank gas installation 
consists of two liquid tanks, connected together with copper tubing, 
and a pressure regulator which drops the pressure in the tank to 
about 8 inches of water. When the consumer pays for it the in- 
stallation is housed in a steel cabinet, or in some instances, the 
upper portion of the tanks and the regulator are covered by a steel 
canopy. With such installations the liquid is sold by the pound 
and paid for on delivery. The second, third and fourth hundred 
pounds purchased in any calendar month are sold at a lower price 
per pound, generally decreasing at the rate of 2 cents per hun- 
dred Ibs. When the consumer is signed up he signs a lease on 
the equipment which requires him to make an initial payment of 
$2.00 to $5.00 and monthly payments of $1.50 to $2.00 for a period 
of one to two years. The total amount to be paid depends whether 
one or two tanks are installed and whether or not there is a steel 
cabinet. Thus the consumer practically pays for the entire installa- 
tion, not including the cost of cylinders, yet ownership of the tanks, 
regulator and housing is retained by the distributor. The con- 
sumer pays for and owns the piping from the gas set to his appli- 
ances. 

In the Middle West and on the Atlantic Seaboard other methods 
of distribution have been developed which promise cheaper instal- 
lations than removable tanks. 

One Middle Western utility is now distributing commercial pro- 
pane in 23 towns, varying in population from 3700 to 200, and 
all located inside of a 70-mile square. This company sets a con- 
crete receptacle in the street between the curb and sidewalk, or 
in the alley. In this is permanently set a tank of about 50 gallons 
capacity and a regulator. The receptacle is covered with a con- 
crete or cast iron manhole cover. A service line is run onto the 
consumers premises and a meter set in the basement or outside the 
house. The meters are read and consumers billed monthly and 
from the meter readings the utility knows when the tank needs re- 
plenishing. 

The tank is filled from a tank truck either by gravity or by a 
pump driven from the power takeoff. This system of distribution 
makes the distributor a public utility and thereby gives it a mon- 
opoly against competition except from tank gas sold by weight. 
That this system is profitable is shown by the fact that the utility 
is now extending its service into four more towns, having popu- 
lations between 400 and 500. 


In New York State there is a company distributing a propane- 
butane mixture in much the same way except that, due to weather- 
ing effect that would take place in drawing vapor off the top of the 
tank and consequent increase of boiling temperature, the cold cli- 
mate makes it necessary to keep the boiling point constant by draw- 
ing the liquid from the tank and passing it through a liquid pres- 
sure regulator set in the ground above the tank. The vapor and 
liquid emerging from the regulator at about 5 !bs. gauge are taken 
onto the consumers premises through an armored copper tube into 
the basement where the remaining liquid is vaporized in a vapor- 
izer which gathers its heat from the surrounding air. The pressure 
is then dropped to about 11 inches of water through a second regu- 
lator, the gas passed through a meter and on to the appliances. 
This company claims to have made a greater gain in consumers in 
the last year than its competitors selling tank gas by the pound. 
Probably one reason for this is that consumers prefer to pay for 
their gas as used monthly rather than C.O.D. 


Change-Overs 


The flame produced by straight propane or butane vapor is very 
short. The high specific gravity of the gas gives it a high entrain- 
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ing ability to draw in the large amount of air necessary for com- 
bustion. 


The short flame makes the change-over from 550 B.t.u. gas rather 
expensive because the burners have to be raised to make them heat 
satisfactorily. The orifice must be made smaller and the pressure 
raised, but these changes are easily accomplished. As practically 
all tank gas installations displace other kinds of fuels the stoves 
are purchased new at the time the gas is installed, so the stove is 
designed to burn the gas efficiently. The problem of change-over 
occurs so rarely in tank gas applications that it is not very im- 
portant. 


When tank gas was first put on the market the oil companies 
found it necessary to cooperate very closely with appliance manu- 
facturers to develop burners that would handle 2600 B.t.u. gas 
properly. To make sure that appliances were correctly installed 
and adjusted for propane vapor the distributors were forced to 
merchandise the appliances. Most distributors maintain lists of 
appliances approved for propane vapor, but it is not now neces- 
sary for distributors to sell appliances unless they are interested in 
the merchandising profit. 


THE USE OF BUTANE AS AN ENRICHER IN THE 
MANUFACTURE OF OIL AND WATER GAS* 


EPORTS heretofore made to the Pacific Coast Gas Associa- 
R tion indicate that the practicability of enriching with butane 

has been proven for certain manufactured gas plants and 
holds out possibilities in many other plants. 


There would seem to be three separate applications of the prin- 
ciple of butane enrichment of manufactured gas: 


First: Continuous enrichment, when needed to bring heat con- 
tent up to required standards for distribution or to secure overall! 
generating plant economies without lowering heat content of gas 
distributed. 

Second: Seasonal enrichment, to secure increased plant capacity. 

Third: Peak load or standby enrichment, to supplement natural 
gas service. 

To the extent that any of these applications result in economies, 
they will eventually make themselves felt in the form of lower gas 
rates and will assist in adding and retaining load against com- 
petitive fuels. 

Continuous enrichment can hardly be expected to result in lower 
gas costs but, in requiring proportionally greater quantities of 
butane, may make the manufactured gas company an important 
factor in the butane market, and thus lessen any possible danger 
from competition with that agency. 

Any means of providing greater hourly or daily sendout capacity 
at minimum expense will have a direct bearing on the amount of 
space heating load that can be secured by the gas company. Such 
heating offers an almost unlimited market, but the seasonal nature 
of this load, and attendant peak sendouts that the gas company 
must anticipate, definitely establish limits in sale price that cannot 
be overstepped. The use of butane for seasonal, peak load and 
standby enrichment seems to offer exceptional opportunities for 
handling this seasonal load. 
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Flues and Chimneys for Gas Burning 
Equipment* 


By Frank WILLS 
Engineer of Production, Pacific Gas and Electric Company 


HE safe and satisfactory operation of gas appliances is very 
much dependent upon proper venting. Apparently, there is 
an urgent demand for better practices in venting installations. 
This, hov <ver, is not entirely under the control or direction of 
any one agency. Gas companies, dealers, architects, builders, and 
customers are affected and any one of them may be the controlling 
. influence in a particular case. Obviously, standardized codes and 
education are necessary steps in any advance. Although a com- 
plete revision of codes may be necessary, only the essential fea- 
tures that directly affect the calculation of the flow of products 
of combustion have been considered here, and such code recom- 
mendations as are given should be considered in that light. This 
covers the assignment as given to the writer, but contacts made 
during the preparation of this report, indicate that there is much 
more work to be done. 


The occasion for making this report was brought about by the 
demand for data outside the range of such curves and tables as 
are commonly available. The majority of such material is based 
upon information prepared by the Utilization Laboratory of the 
Portland Gas & Coke Co., published in the A.G.A. monthly for 
June and December, 1926. This report regards that work as author- 
itative and considers it a basis from which the present conclusions 


* Prepared for Committee on Natural Gas Conversions, K. B. Anderson, Coast 
Industrial Gas Co., Chairman. 
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shall not deviate greatly. The method of presentation is somewhat 
different in that special effort is made to designate the fundamental 
principles involved so that special cases or differences of opinion 
on details can be handled by readjustment of rather simple equa- 
tions, or by substitutions, without necessitating an entirely new 
development. 

Often, flues are installed upon a flat allowance of a certain num- 
ber of B.t.u.’s per square inch of flue area. This is not entirely 
satisfactory, as much depends upon the relative length of the flue 
and the “horizontal” run from the appliance to the flue. Many of 
the tabulated flue capacities are for the minimum allowable sizes 
which may be used erroneously as recommended sizes. In this 
report, the capacities are calculated upon rational flow principles 
with due regard to safety factors in each detail. It is felt, there- 
fore, that the capacities, as presented, are desirable values upon 
which installations should be made. 

The choice of proper size flues for various types of gas appliances 
involves so many variables that a single formula for all cases must 
be hopelessly complicated or, if simplified, its application becomes 
so generalized that it is useless in many cases. For this reason, this 
report is prepared with two objectives—first, a general develop- 
ment of an approximate formula in which the major factors are 
shown; second, simplifications of the formula for special cases and 
the preparation of tables from them. In applying these tables, due 
consideration should be given to the assumptions upon which they 
are based. General as they are, cases will arise to which they do 
not apply. 

As will be seen from the derivation of the general equation for 
domestic appliances, the use of draft hoods for the purpose of 
diverting any down draft that may occur or for diluting the flue 
gases to prevent condensation, seriously affects the capacity of the 
chimney to carry away the products of combustion. The addition 
of the air reduces the temperature, effective in producing the flow, 
and increases the volume of gas to be carried, 

The usual instructions regarding the location of the top of a 
chimney are that it should extend 2 feet above the peak of the 
roof and above the high pressure (wind) zone located at the face 
of an adjacent high building. From the report, “Wind Pressure 
on a Model of a Mill Building,” by Dryden and Hill of the Bureau 
of Standards (R. P. 201), it appears that there may be cases where 
the first of these is not necessary, provided a ventilating cap is 
used. In the tests, with a roof having a 20-degree pitch, the pres- 
sures on all parts of the roof were negative except for a very 
small area when the wind was at 45 degrees. It is possible that a 
3-foot chimney would be sufficient anywhere on a roof having less 
than 45 degrees pitch. For steeper roofs a high pressure zone is 
built upon the surface. This is probably confined to the space in- 
cluded between the building and a plane inclined at 45 degrees 
from the ground line and touching the ridge of the roof. In these 
cases the chimney might terminate 2 or 3 feet above this plane. 
This is not presented as conclusive proof that the original require- 
ment be changed, but rather that it is open to question. Where 
costs are a serious item, this practice is worthy of special consider- 
ation. 

The most important consideration is the high pressure zone 
adjacent to flat walls of nearby buildings, and a similar effect that 
may be caused by trees. From an examination of a few airfoil 
studies, it appears that the plan of this zone (for winds from any 
direction) is a semi-circle, the diameter of which is the width of 
the face of the higher building. Chimneys within this area had 
— terminate slightly above the level of the top of the adjacent 
wall. 

The general topography of the neighborhood, hills, trees, and 
buildings seems to affect the performance of open top chimneys on 
account of the subsequent down drafts and eddy currents. These 
influences can be cared for by ventilating caps, whereas the effects 
of high pressure wind zones cannot. 

The writer acknowledges the assistance of A.G.A.’s laboratory 
staff who checked the original draft of this report and offered 
several valuable suggestions. 


GENERAL FORMULA FOR FLUES AND CHIMNEYS 
FOR GAS APPLIANCES 


Development of Formula: 
Let 
W: = Weight of a cylindrical column of aiz at atmospheric 
temperature and pressure having the same cross section 
and height as the interior of the chimney, pounds. 


W2 = Weight of the cylindrical column of stack gases as they 
occur within the chimney, pounds. 


B = Barometric reading, inches of mercury. 
S =Specific gravity of stack gases at 60°F-and 30” Hg, 
Air = 1. 


T: = Temperature of air, °F. Absolute. 
Ts = Mean temperature of stack gas in chimney, °F. Absolute. 
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a = Average cross section of interior of chimney, sq. ft. 

A = Average cross section of interior of chimney, sq. ins. 

d = Average inside diameter of chimney, feet. 

D = Average inside diameter of chimney, inches. 

E =Number of 90° turns in chimney. 

R =Resistance of horizontal run and chimney, in velocity 
heads. 

q = Cubic feet of stack gases per hour at the average tem- 


perature in the stack and atmospheric pressure. 

Q =Cubic feet of stack gases per hour at 60 F. and 30 in. Hg. 

P, and P; = Pressure, in pounds per sq. ft. due to the weights 
W: and Ws, respectively. 

H = Height of top of chimney «above the outlet of the ap- 
pliance. 

L = Actual length of vertical chimney, feet. 


By Definition: 


W, = Ha (0.0765) (=) (36) (2) 

: . —B.. 2 
1 oe ss 
Py = Hyg 7H (040765) (#2 (45) (3) 
Pp. = Wy, =HS (0.0765) (#) (45) (4) 
2 2/a ?, )\30 


Then, (3) minus (4) 


(P. =P.) = 0.0765 ae BH(} -_S \1lose/sqeft. (5) 
- 8 30 = —- 


The head (feet) of stack gases at the average temperature in 
the chimney and at atmospheric pressure, that is equivalent to 
(P; — Ps) is: 


h = feet of bead = (P, ~ P,}/ [(0.0165) os 2s | (6) 
2 


Substituting for (P:—P2) from (5), and clearing 


men (a> 2)" (2-3), feet 7) 
eh fee ;h 


This expression for the value of the head of stack gases, corre- 
sponding to the difference between the inside and outside pressures 
at the base of the chimney, may be used in the velocity equation: 

It should be noted that the head produced by one foot of height is: 


Ts 
—— —1 } feet. 
S T, 


By using this expression in the velocity equation it is possible to 
develop a flow equation for the chimney. 


1/2 1/2 
v= [2 sh] «= 8027 [2] (8) 
v, being the velocity, feet per second 
thus, 
. 1/2 
v = 8.0217 E (2-4) (9) 
Ss Ty 
q = 3%00va = 3600v A.* 2vA ! (10) 
144 
q = Approximately 200 4 kL (#x.-1)]"" (11) 
1 
520 


q and clearing 


Substituting Q for 


.s tee A IC -1)] (22) 


Equation (12) was derived by the procedure commonly used in 
the presentation of the hydraulic flow equation and is, in fact, an 
expression for frictionless flow of the stack gases in the chimney. 
By adding suitable factors for friction, a satisfactory equation for 
practical use can be devised. 

In heating and ventilating work it seems that the common prac- 
tice is to use, for conduits over 6 inches in diameter, a frictional 
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resistance of one velocity head for each 50 diameters of ordinary 
piping and 40 diameters for rough tile, brick or concrete walls. 
These correspond to friction factors of .005 and .006, respectively. 
Haslam and Russell (Fuels and Their Combustion, Page 725) state 
that “the usual range of values of the Reynolds’ number 


DuS 


Z 


in large flues is from 1 to 30 and in most cases the value is between 
12 and 30.” For ordinary surfaces, such as with steel or cast iron, 
the usual range of friction factors is from .01 to .0055, and for 
most cases .006 to .0055. It appears that the above figure of 40 
diameters (f = .006) may be satisfactory for industrial use but, 
with domestic appliances where the diameters are smaller and 
where materials with rougher surfaces might be used, 30 diameters 
(f= .0083) should be used since it is fairly representative of 
average conditions. For very rough brickwork (not flush pointed) 
the capacities will be about 15 per cent less than those calculated 
by the following equations: 

The frictional resistance of a straight flue or chimney, in terms 
of velocity heads, then, is: 


L 12L L 
= =04 —— 
30d 30 D D 


Each 90° turn has a resistance equal to about 12 diameters of 
straight flue so, if E represents the number of right turns, the 
resistance in velocity heads due to these turns is: 


E 12d 
= 0.4 E 


30d 


If L, is the length, in feet, of horizontal run from the appliance 
to the flue and D, is its diameter in inches, then the resistance of 
the run in velocity heads, based on the velocity in the flue, is: 


se (t) ““ E() 


If there are any 90° turns in the horizontal run, let E, = the 
number of turns, then the resistance for the run is: 


ag - + O06 * (2 


At the exit of the appliance an allowance of one-half velocity 
head for entrance into the horizontal run is necessary but, with 
domestic appliances, it is better to use ome since flue collars are 
occasionally undersized and often their arrangement obtains a poor 
flow condition. Thus, the total resistance of the run and the exit 
from the appliance is: 


4 
i L * O68, ¢ 1 (& 
D. °, 

Since the chimney is not required to supply any draft within 
the appliance, only the above frictional resistances need be con- 
sidered except for an allowance of one velocity head for the 
momentum of the stream in the flue. Thus, the total number of 


velocity heads required to produce flow through the chimney and 
its connections is: 


4 
R=04 L+ OFF +1 [oot Se os 3, * 2 | (2) (13) 
D Dy 
In case the run has the same diameter as the flue: 


R04 L+l, +04 (E*B)* 2 (13a) 
D 


In case there is no horizontal run: 


R04 LL * Och B% 2 or = Oot Ht OF BY 2 (13d) 
D D 


Then the complete flow equation for the stack gases in a chimney 
and connections to the appliance is: 


T 1/2 
Q = 104,000 4 (2-9 (14) 
T 5 T, 
& a. 


The value of R is determined by equations (13), (13a), or (13b). 
It is more convenient to use heat input into the appliance, rather 
than the cubic feet of stack gases produced, as a rating for chim- 
neys. Such a rating is applicable to both natural and manufactured 
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gas because the B.t.u. input, per cubic foot of stack gases produced, 
is nearly the same for both. With 100 per cent excess air there is 
produced one cubic foot of stack gases for each 52 B.t.u. input. 
This is an average figure (being within 4 per cent error) for either 
natural or manufactured gas. On passing through the draft hood, 
there is a further possible dilution of 100 per cent (reducing the 
temperature 100 to 200°). A small flue cannot handle this amount 
of excess air at this point nor does it seem to be entirely necessary. 
The allowance for so much dilution constitutes an additional safety 


factor. 


By substituting 
B.t.u./Hr. 


26 
for Q in equation (14) and clearing: 


1/2 
T @i\ | 
# = 
Btu/ir, =A | (25) 
2,706,000 TT, | Rk | 


Formula and Code for Venting Domestic Appliances: 


Equation (15) is a general equation for flow in chimneys which 
may be adapted to practical use by making assumptions for the 
specific gravity of the stack gases, the atmospheric temperature, and 
the average temperature of the stack gases. By judiciously choos- 
ing these values, with due regard to a safety factor, this formula 
is useful for calculating the capacity of ordinary flue installations. 


The specific gravity (S) may be taken as equal to 1.0 and the 
atmospheric temperature 60° F. (Ti = 520°). The average tem- 
perature of the gases in the stack (T2) depends upon so many 
factors that it is impossible to choose a temperature that would 
actually occur in a majority of cases. 

The heat transfer through the walls of flues varies greatly on 
account of the wide variance in the location, length, and diameter, 
as well as in the flue material itself. The temperatures of flue 
gases at the flue collar of domestic appliances (before entering 
the draft hood when one is provided), when tested under laboratory 
conditions without flue connections, vary from 275° to 475° F. for 
furnaces, 400° to 550° F. for water heaters, 250° to 550° F. for 
ranges, and 350° to 475° F. for boilers. Draft hoods reduce these 
temperatures from 100° to 200° F. which when applied to the 
above figures, gives a minimum of 150° F. and a maximum of 
350° F. at the outlet of the draft hood. Considering the variables 
that enter with actual installations and practical operation, it is 
plain that either each installation must be checked by one capable 
of handling a flow equation, or vent standards must be adopted 
which will include a generous factor of safety. 


For estimating purposes, it is desirable to use factors that give 
conservative results; the adoption of a low figure for flue gas 
temperature might then be justified since, by this expedient, there is 
no danger of over-estimating the capacity of flues. The dew point 
of the stack gases from Kettleman Hills natural gas for theoretical 
combustion is 138.5° F. and, when 100 per cent excess air is used, 
it becomes 116.5° F. (using saturated air at 60° F.). For 550 
B.t.u. oil gas, these figures are 140° F. and 118° F., respectively. 
To avoid excessive condensation, the temperature at the top of the 
stack should not be lower than the highest dew point that might 
occur under operating conditions. To adopt an extremely low tem- 
perature for an equation for general conditions would impose a 
hardship on all installations in order to be certain that a few 
possible border line cases might be included. For this reason, an 
average stack gas temperature of 150° F. has been accepted (rec- 
ommended by A. G.A. Laboratory) as being sufficiently conserva- 
tive for a majority of installations. 


With these assumed values inserted and the formula cleared, 
equation (15) becomes: 


Btue/ire = 1844-4 [ay (16) 
Btus/ire = 1448 DY ra (26a) 


Reasonable limitations upon the installation of flues and _ hori- 
zontal runs for domestic appliances, which are recommended, in- 
clude: 

1.The “horizontal” run to a single appliance shall be the same 
size as the calculated flue, regardless of the vent collar on the 
appliance. 

Ordinarily, the area of the opening in the collar is based upon 
an allowance of one square inch for each 5000 B.t.u. input to the 
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appliance. For average conditions, 90 cubic feet of stack gases are 
delivered per square inch per hour. The present draft hoods per- 
mit the entrance of enough air to reduce the flue gases by 100 to 
200° F. This means that the flue gases are diluted with about an 
equal amount of air, thus throwing an additional burden upon the 
flue and its connections, as well as robbing it of the temperature 
which is, indirectly, its source of power. If the design of flues 
and connections with respect to height, length, and area was as 
well standardized as the appliance, it would possibly bring the 
standards for the two together on the same basis. But this is not 
the case. The venting conditions vary so greatly that they must 
be considered independently. 

2. The “horizontal” run shall not exceed 20 feet nor include 
more than two elbows. For each additional elbow, the allowable 
length shall be reduced 12 diameters (as many feet in length as 
diameter in inches). 

It seems that, heretofore, calculations of flue sizes have taken into 
consideration only the flue. It is common knowledge that the 
height, area, and temperature of the column of gases in the flue 
determine the draft at the base. It is equally obvious that the 
“horizontal” run contributes only friction and, consequently, must 
be limited. Furthermore, no satisfactory calculation for any flue 
design can be effected without considering the resistance of the 
connections. Any formula, graph, or table of standard values must 
be based upon some definite allowance for “horizontal” run. Twenty 
feet are recommended by the majority of the field men contacted. 


3. The “horizontal” run shall be less than the vertical height 
of the flue. 

It is possible to obtain a satisfactory draft with horizontal runs 
longer than the height of the flue, if the flue is tall and the tem- 
perature high. Experience seems to point to the inadvisability of 
having any stack less than 20 feet; since 20 feet is suggested as 
the limit for horizontal runs, the reservation must be made that 
the flue must always be taller than the run is long. 


4. The “horizontal” run shall have a continuous upward slope 
from the appliance of at least .5 inch per foot. There is always 
danger from accumulating condensate which adds resistance to 
flow, if not an actual stoppage, unless there is a reasonable slope. 
Since the hot gases tend to flow upward, a continuous upward 
slope allows the hottest gases to move forward along the upper 
surface and, in case of a slight back draft, permits the cold air 
to descend along the lower surface without completely interfering 
with the discharge of products of combustion. 


5. If more than one appliance is to be connected to a common 
flue, the flue and its allowable single horizontal run shall be calcu- 
lated for the total heat input of all appliances. Then the calculated 
single diameter equivalent to that of the “parallel” runs shall not 
be less than that of the flue. (See Table No. 1). 


TABLE NO. 1. MINIMUM NUMBER OF “PARALLEL” 

HORIZONTAL RUNS OF VARIOUS SIZES THAT MAY BE 

SUBSTITUTED FOR THE SINGLE RUN WHOSE DIAMETER 
IS EQUAL TO THAT OF THE FLUE. 


—_— 


Diameter of Size of Flue 

Horizontal 3 4 5 6 8 10 eo 
Runs Number of “Parallel” Runs that may be substituted. 

3 1. 3. 8. 18. 60. 58. 330. 

4 1. 2. 5. 18. 47. 100. 

5 1. 2. 7. 18. 38. 

6 1. 3. 8. a7; 

x 3 2. 5. 

10 1. 2. 

12 1. 


Example: Instead of a 10 inch run, there must be substituted 2 
eights, or one eight and 3 sixes, or another group that may 
be substituted for one eight. 


6. In all venting installations, the observance of a certain allow- 
ance as a safety factor should be practiced. The venting of gas 
appliances is so important that the same engineering attitude should 
be assumed toward it as in the design of structures and pressure 
vessels. The allowable B.t.u. input for a given size of flue calcu- 
lated from the various values (such as average temperature, amount 
of dilution, length of runs, etc.) which have been inserted in this 
formula is about one-half that allowed by the commonly pub- 
lished tables. 


Using the preceding rules as a basis (allowance of 20 feet of 
run with two elbows and a diameter equal to that of the flue) 
the value of (R) in equation (13a) becomes: 


Ros A+ (hs 20) ¢ 302 (27) 


elbows. 


that listed in 


this table. 


This equation and table allow for a maximum length of “horizontal” run of 20 feet which includes two long radius 
Each additional elbow is equivalent to a length of “run” in feet equal to the diameter in inches. 
H has been taken as = L + 1. 


In case the connected appliance is not provided with a draft hood, the capacity of the chimney is approximately twice 
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TABLE NO. 2. ALLOWABLE B.T.U. INPUT TO CIRCULAR FLUES FOR DOMESTIC GAS APPLIANCES WITH 
DRAFT HOODS. 
| i 
| DIAMETER OF FLUE IN INCHES (D) 
Height of | 3 4 5 6 g 10 12 
Flue from - SL LT 
Appliance D5H 4 D5H ly 
Outlet | B.t.u./Hr. =2289 = 2289 
(H in Feet) | L+8D +20 H+8pD+19 | ae 
20 20 ,100 38 ,900 64 400 96 ,800 183 ,000 295 ,000 439 .000 
30 22 ,900 44 ,600 74 ,300 112 ,000 213 ,000 349 ,000 519 000 
40 24 ,700 48 600 81 ,300 123 ,000 236 ,000 388 ,000 580 ,000 
50 26 200 51 ,500 86 ,700 132 600 254 ,000 419 000 628 ,000 
60 27 ,200 53 ,900 90 ,900 139 ,000 268 ,000 445 000 669 000 
70 28 ,100 55 ,700 94 300 144 ,000 280 ,000 466 ,000 702 ,000 
80 28 ,800 57 ,200 97 ,100 149 000 290 ,000 484 000 731 ,000 
90 29 400 58 ,500 99 500 153 ,000 299 000 500 ,000 756 ,000 
100 29 800 59 ,600 101 ,000 156 ,000 306 ,000 513 ,000 779 000 
125 30 ,800 61 ,700 105 ,000 163 ,000 321 ,000 541 ,000 824 ,000 
150 31 ,500 63 ,300 108 ,000 168 ,0OO 332 ,000 562 ,000 859 .000 


TABLE NO. 3. ALLOWABLE B.T.U. INPUT TO STACKS FOR INDUSTRIAL GAS EQUIPMENT. 


DIAMETER OF STACK IN INCHES (D) 


in inches). 
* Note: 


run, 


Height of | 10 12 14 16 18 20 24 30 
Stack from | a — —_—— —— -- 
Appliance | D5H } % D5H 14* 
Outlet | B.t.u./Hr. =8500 | | = 8500 | 
(H in Feet) | L+7D H+7D 
20 1,270 000 1,860 000 2,580,000 3,380,000 4,320,000 5,370 ,000 7 ,820 000 = 12 ,400 ,000 
30 1,470 000 2,170,000 3,030,000 4,000 000 5,120,000 6,380,000 9,330,000 14,800 ,000 
40 1 ,620 000 2,410,000 3,370,000 4,450,000 5,730,000 7,160,000 10,500,000 16 ,800 ,000 
60 1,820 000 2,740,000 3,860,000 5,140 900 6,630,000 8,240,000 12,300,000 19,700 ,000 
80 1 960 000 2,960 000 4,190 000 5,620,000 7,270,000 9,170,000 13,600,000 22 ,000 ,000 
100 2 060 000 3,120,000 4,440,000 5,970,000 7,760,000 9,820,000 14,700,000 23 ,800 ,000 
125 2,150 000 3,280,000 4,690 000 6,320,000 8,240,000 10,400 000 15,700,000 25 ,600 ,000 
150 2 220 ,000 3,390,000 4,870,000 6,590 000 8,610,000 10,900 000 16,500,000 27 ,100 ,000 


Substituting from (17) into (16a), and clearing, B.t.u. per hour 


s Y 
~igs | Flor 


In which: 


- 


H = Height of flue above appliance outlet, in feet. 
L = Actual vertical length of flue. 


D = Diameter of flue and “horizontal” run, in inches. 


(28) 


Equation (18) is, therefore, recommended for calculating flues 
for domestic appliances. 
Table No. 1 shows the number of “parallel” runs that can be 
connected to a common flue, providing the combined B.t.u. input 


is used in 


L=H—1). 


Table No. 2 to determine the size of flue 


(using 


Table No. 2 includes the calculated allowable heat input for 
sizes from 3 to 12 inches in diameter and 30 to 150 feet in height 


(using H=L). 


Flues for Industrial Installations: 


In this case, it is assumed that the excess air in the appliance 
is 50 per cent (giving one cubic foot of products for each 67 
B.t.u. input), that there is no further dilution at a draft hood, that 
the minimum average temperature in the stack is 250° F., and that 
the friction factor may be reduced so that 40 diameters may be 
used as the length offering a resistance of one velocity head. 


17 .900 .000 
21 .500 ,000 
24 500 000 
29 000 000 
32 500 000 
35 .200 .000 
38 .100 ,000 
40 400 .000 


This equation and table allow for a maximum length of “horizontal” run of 12 diameters (length in feet equal to diameter 
No elbows have been included in the horizontal 
H is practically equal to L in this case. 


The following substitutions have been made in equation (14): 


Then 


B.t.u. per Hr. 


for Q 


Btu/Hir. = 4660 p* Es ye 


(19) 


Assuming that the horizontal run will be of the same size as 
the flue, that its length does not exceed 12 diameters (length in feet 
equal to diameter in inches), that it contains no elbows, and that 
one-half velocity head will suffice for the entrance loss to the hori- 
zontal run, the resistance (R) is: 


R = Oc3 L/D + 003 * 03 +15 * be + 201 


Inserting this value for R in equation (19) 


Btue/ir. = 4660 D* | sr] - 
e ‘. * 2el 


Btus/ir. = 8500 f= st 


(20) 


(21) 
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Because of the short horizontal run H practically equals L. 


Square and Rectangular Flues: 


A square flue, having a side equal in length to the diameter 
of a round flue, has 27.5 per cent greater capacity than the circular 
flue. 


A rectangular flue, having its maximum width equal to the 


v 
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diameter of a round flue, has a capacity equal to 
1.8 


rV r+l1 
times that of the round flue, where r is the ratio of the long to 
the short dimension. In no case should the ratio be greater than 2. 
When r= 1.21 the rectangular flue has the same capacity as the 
round flue. 
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HE rapid progress in the art of pipe line construction, the 

development of vast fields of natural gas and the ever-increas- 

ing demands of a growing public for a bountiful supply of 
economical fuel have resulted, in recent years, in a wide-spread dis- 
tribution of natural gas in areas formerly served with manufactured 
gas. In many of these areas the centers of utilization are hundreds 
of miles distant from the source of supply. 


For reasons of economy the transmission lines from the gas fields 
are of the minimum permissible size and consequently the pressure 
within the lines is usually very high. Particularly is this true under 
peak load conditions. Thus, while natural gas service is entirely 
dependent upon the continuous functioning of the transmission lines 
and compressing plants with the ever present possibility of failure, 
the peak load season increases the menace to the service of the dis- 
tributing utility by increased pressures required in the transmission 
system at the same season when, as a rule, the entire system is in 
the greatest danger from the elements. 


The change-over to natural gas in areas formerly served with 


manufactured gas has been so rapid that the former manufacturing 
utilities, now the vendors of the natural product, have been left 
somewhat behind in their ability adequately to protect their service 
against a possible shortage or complete outage, due to inadequate 
transmission facilities or emergencies beyond human control, 


In no case where natural gas has supplanted, or will supplant the 
use of manufactured gas, is the former manufactured product 
adapted to the needs of the industry for standby or emergency serv- 
ice. Manufacturing processes formerly produced gases of such com- 
paratively low B.t.u. value and of such characteristics that their 
utilization in gas systems adjusted for natural gas is impossible. 


Efforts have been, and are being made to develop new processes 
for the manufacture of a gas of 800 to 1000 B.t.u., and of such 
gravity and chemical characteristics that it can be used to augment 
the supply of natural gas in any proportion, or to entirely replace 
the latter in case of complete outage for short periods. In the manu- 
facture of a standby gas it is essential that existing gas generating 
equipment be used in order to avoid increasing the capital invested 
in a plant for emergency use. As the manufactured gas which has 
been replaced with natural gas has been largely carburetted blue 
gas and oil gas, the development of new processes has largely in- 
volved the utilization of plants formerly manufacturing these gases. 


EASTERN DEVELOPMENTS 


Pioneers in the Manufacture of High B.t.u. Gas: 


The Louisville Gas & Electric Co. was probably the first to manu- 
facture a high B.t.u. gas as a substitute for natural gas in an emer- 
gency. Experiments conducted in April 1928 with a 9 ft. carburetted 
blue gas machine (no backrun) demonstrated the feasibility of pro- 
ducing a 900 B.t.u. manufactured gas. Two months later, June 
1928, when Louisville’s natural gas supply was practically cut off by 
a break in the transmission line supplying Louisville, 872 B.t.u. gas 
was made at the rate of 12 million cu. ft. per day. This gas was 
made at the Beargrass Plant with four 12 ft. carburetted blue gas 
machines, equipped with backruns, capable of producing 20 million 
cu. ft. per day of 550 B.t.u. gas. This gas practically prevented a 
failure of Louisville’s gas supply. 

At the time Louisville’s natural gas supply was cut off, the daily 
sendout was about 9 million cu. ft. Since the daily sendout is about 
30 million cu. ft. during the winter with extreme peaks of 45 million 
cu. ft., further tests were made with butane enrichment. It was 
found that by the combined use of the Willien-Stein Low Gravity 
Water Gas Process (controlled by the ').G.I.) and butane enrich- 
ment, the Beargrass plant could produce 27.6 million cu. ft. of 930 
B.t.u. gas per day having a gravity of .76. As the result of these 
tests butane storage tanks capable of storing 150,000 gallons were 
installed. 


Combustion Utilities Corp.’s Process: 


Another process is described in an article entitled “The Impelling 
March of Natural Gas” by Henry O. Loebell in the Gas Age-Record 
for April 2, 1932, also by Alfred Johnson in the Gas Age-Record 
for June 18, 1932, in an article entitled, ‘““The Refractory Screen 
Oil Gas Process.” This was primarily designed for peak load use 
with natural gas pipe lines. The process utilizes any standard three- 
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shell carburetted blue gas machine, a few minor changes being neces- 
sary. The gas is made from a heavy bunker oil producing about a 
500 B.t.u. oil gas which is carburetted with ordinary gas oil in the 
usual manner. A 1000 B.t.u. gas of .70 gravity can be produced at 
the rate of 3,000 cu. ft. per sq. ft. of grate area per hour or the 
same rate at which 550 B.t.u. carburetted blue gas can be made in a 
standard three-shell carburetted blue gas machine. 


Hyco-Gas Process: 


The Hyco-Gas Process was recently developed by the Research 
Department of the Phillips Petroleum Co. It is described in an 
article in the Gas Age-Record for June 4, 1932, entitled “A Catalytic 
Process for Making Gas from Hydrocarbons,” by J. A. Guyer, O. M. 
Setrum and W. F. Huppke. 


The process is a combination of gas reforming and blue gas re- 
actions carried out simultaneously in the presence of a catalyst that 
reduces the operating temperature and time of reaction so that the 
process can be carried on continuously over long or short periods of 
time. The raw materials for this process are hydro-carbons such as 
natural gas, liquefied petroleum gases, and the various hydrocarbon 
mixtures. 

Although special equipment is required for the Ayco-Gas Process 
the capital investment per M of daily capacity, according to the 
article, is approximately $50 exclusive of holder investment. This 
is considerably lower than the capital investment required for a coal 
gas or carburetted blue gas plant. 


The Davis Process: 


This process is described in an article in Western Gas for July, 
1932, entitled “Reformed Butane for Emergency and Peak-Load 
Gas,” by W. F. Faber. 

This is a reforming process developed by the General Oil Gas 
Corp. Butane or any high B.t.u. hydrocarbon gas can be converted 
to a gas of any desired B.t.u. content within the range of 500-1000 
B.t.u. and any gravity required to meet the specifications of any 
gas distributed by public utilities. The process utilizes pure nickel 
wire as a catalyst and can be carried out in a water gas generator 
or carburetor shell. It is claimed that the capacity of existing 
carburetted blue gas sets can be doubled in volume as compared with 
carburetted blue gas output and that no tar, condensate or carbon 
are produced. 

Other experiments and developments are under way at the present 
time. 


WESTERN DEVELOPMENTS 


In the Pacific States where 550 B.t.u. oil gas predominated before 
the introduction of natural gas, the utilities which have changed over 
to natural gas had about decided that the solution of the problem 
of maintaining service at times of peak loads or an emergency, lay 
in the production of 550 B.t.u. oil gas, enriching it to about 1000 
B.t.u. with butane-propane vapors. While this method would have 
accomplished the purpose with a fair degree of satisfaction, it would 
have entailed expensive additions to existing plants for storing large 
quantities of butane. 


The transmission line through which San Diego will receive its 
natural gas crosses several rivers. While these rivers are dry most 
of the time, occasionally they become raging torrents and wash out 
all railway and highway bridges that span them. The probabilities 
of an interruption in San Diego’s natural gas supply are greater 
than most communities supplied with natural gas. To supply gas 
for the domestic load in an emergency with butane enrichment would 
require not only butane storage tanks having a capacity of 225,000 
gallons but also keeping that amount of butane on hand continuously. 
In an effort to avoid this increased expenditure on an emergency 
plant, the San Diego company sought a method of manufacturing a 
substitute for natural gas in its existing apparatus consisting of 
straight shot and two-shell oil gas generators. 

This search resulted in some laboratory and plant tests at San 
Diego which were continued on a more elaborate scale at San Rafael 
as conditions at San Diego did not permit of large scale operation. 
The tests at San Rafael were conducted jointly by the Pacific Gas 
and Electric Co., San Diego Consolidated Gas and Electric Co., and 
the Byllesby Engineering & Management Corp. 


San Diego Tests: 


Preliminary laboratory cracking tests were made on 

i—Fuel oil; 2—Diesel oil; 3—Kerosene; 4—Gasoline. 

Fig. 1 is a diagrammatic sketch of the apparatus used for the 
laboratory cracking tests. The tests’ procedure was as follows: 

The oil tested was introduced into a 34-inch steel pipe 40 inches 
long. A 26-inch section of the pipe was heated with two Hoskins 
Electric Tube Furnaces. Oil, or oil and water, were introduced 
into the upper end of the pipe from measuring burrettes. The 


! 
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Fig. 1. Laboratory set-up for oil cracking tests. 


lower end of the pipe was connected to a water jacketed condenser. 
The outlet of the condenser was connected to a glass flask for 
collecting tar. A second glass flask filled with cotton filtered from 
the gas the tar carried in suspension. The gas made was metered 
with a wet test meter and finally collected in a 2-cu. ft. holder. The 
temperature at which the oil was cracked was measured with thermo- 
couples placed in each furnace. 

The test on fuel oil was discontinued when about half of the 
desired amount was made. The coke residue deposited, filled the 
pipe, preventing the passage of gas through it. 

The results of these tests are shown in Table No. 1. 

Water was used in the test on kerosene which produced the effect 
of cracking the kerosene in an atmosphere of steam. This probably 
accounts for the higher content of CO in the gas compared with the 
other two tests. 

The properties of the oils used were as follows: 


Gaso- 

Fuel Oil Diesel Oil Kerosene line 

Specific Gravity deg. Be......... 16.0 34.8 37.6 60.0 
Carbon. Conradson Test........ 10.0% ee ae 


The resultant gases were tested on burners adjusted for 550 
B.t.u. oil gas and 1100 B.t.u. natural gas. They burned very well 
on the burners adjusted for natural gas either straight or mixed 
with 50 per cent natural gas. 

The laboratory cracking tests indicated that either Diese! oil or 
kerosene was better suited for making a high B.t.u. gas than fuel 
oil or gasoline. Gasoline would be too expensive while with fuel 
oil the large amount required per M would result in an oil gas 
generator becoming choked with coke in a very short time. It was 
therefore decided to make some plant tests with Diesel oil and 
kerosene, 


San Diego Plant Tests: 


Due to local conditions it was impossible to make more than 350 
M.c.f. of high B.t.u. gas per day. San Diego was distributing 550 


SUMMARY OF LABORATORY CRACKING 
TESTS 


Fuel Diesel Diesel Kero- Gaso- 


TABLE NO. 1. 


Oil Oil Oil sene line 
Aver. Cracking Temp. - F..... 1336 1643 1331 1430 8 1640 
Gas Made per Gal. Cu. Ft... §2.1 62.8 $0.5 94.2 
Obs. B.t.u. per Cu. Ft............... 1283 1149 
B.t.u. per Gal. of Oil-.......... .....57,196* 80,562 92,495 69,049* 
Tar Made % of Oil Used...... 8.6 10.6 
Gas Analyses 
EEE SEE IIe AD CE 0.3 0.2 0.8 0.0 0.2 
SE ARS. Seats ICEL ae 38.0 204 41.4 37.6 6.8 
EY 22 causasntccs ties ciasotichdibgiehddineteibbabeae 1.2 0.6 0.9 1.6 0.6 
8 iat MERE SS A SES a ee Se 1.6 0.6 1.1 4.8 0.4 
SORE SESS SD ERR RR OS IE 17.3 27.4 16.9 19.5 41.3 
SS ERR Ae rae 37.7 47.9 37.2 32.0 438.8 
REE CGE STN a ORE LO 3.6 2.9 1.7 4.5 1.9 
mee. Catcuinted: .................. 1098 970 1262 #1156 733 


*Based upon Calculated B.t.u. 
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B.t.u. oil gas and the high B.t.u. gas had to be diluted with lean oil 
gas to avoid sending out too rich a gas. The plant tests therefore 
were short tests. 

Four plant tests were made. Three were made with a 20-ft. single 
shell up-blast machine (Fig. 2), and one with an 18 ft. 9-inch two- 
shell machine (Fig. 3). Diesel oil was used in three tests and 
kerosene in one test. Fuel oil was used for heating the single shell 
machine because it was more convenient. Diesel oil was used for 
heating the two-shell machine. 


The test procedure was as follows: 


The gas made was collected and measured in a 500,000 cu. ft. 
relief holder. Readings of the relief holder we:e recorded at the 
end of each run. The recorded volumes of gas made were corrected 
to N.T.P. based upon the temperature of the gas entering the relief 
holder, barometric pressure, and the pressure of the relief holder. 
The corrected volume of gas made should be fairly accurate, because 
the intensive scrubbing which the gas received before entering the 
relief holder reduced the gas to practically atmospheric temperature. 


Operation of the machines was controlled by the maximum tem- 
perature of the gas leaving the machine before passing through the 
washbox. This temperature was determined with a thermocouple 
placed in the gas off-take connection, connected to an indicating 
pyrometer, 


Composite samples of the gas made were collected in 2 cu. ft. 
portable holders at the outlet of the primary scrubber, and also in a 
10 cu. ft. portable holder at the inlet to the relief holder. Samples 
were taken from these holders for analyses, specific gravity, and 
sulphur determinations. B.t.u. tests were made with a Junkers 
Calorimeter. The stability of the gas was determined by passing a 
portion of the gas collected in the 10 cu. ft. holder through trans- 
former oil in a spiral gas bubbling bottle. The scrubbed gas was 
collected in a 2-cu. ft. holder and the B.t.u. tested with a Junkers 
Calorimeter. Gas analyses were made over mercury with a Burrell 
Apparatus using oxygen with slow combustion for determining the 
hydrogen and saturated hydrocarbons. The specific gravity was 
determined with a glass weighing bulb and is reported on a dry gas 
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basis. Hydrogen sulphide in the gas was determined with a Tut- 
wieler Apparatus and the organic sulphide with lead acetate solution. 
The gas collected in the 10 cu. ft. holder was burned in the fol- 
lowing gas appliances: 
i—Two burner hot plate in which one burner was adjusted for 
1150 B.t.u. natural gas and the other adjusted for 550 B.t.u. oil gas. 


2—Gas range designed and manufactured for use with natural 


gas. 
3—T wo radiant heaters adjusted for natural gas. 


The results of the plant tests are given in Table No. 2. 


Discussion of Results of San Diego Plant Tests: 


Generating Capacity: ‘The single shell machine used for Tests 
1, 2, and 3 had just been recheckered and overhauled. This was 
ideal for making a high B.t.u. gas with an oil such as Diesel oil. 
The rated capacity of this machine is 1,350 M.c.f. of 550 B.t.u. gas 
per day, although it is possible to make 2,000 M.c.f. per day. The 
minimum hourly make obtained with this machine was 111 M.c.f. 
(Test 2), which is equivalent to 2,220 M.c.f. of high B.t.u. gas per 
day based upon 20 hours operation. 

The rated capacity of the two-shell machine is 5,000,000 cu. ft. 
per day of 550 B.t.u. oil gas. It has made 6,000,000 cu. ft. per day 
over a month’s period. Test 4 with this machine showed an average 
hourly make of 160,000 cu. ft. per hour, which is equivalent to 
3,200,000 cu. ft. per day on the basis of 20 hours operation. At the 
time of test this machine was in the worst possible condition. The 
checker bricks had been in service for two years and the machine 
was about ready to be overhauled and new checker bricks installed. 
Equipped with clean checker bricks it is believed that the machine 
will handle 3,500 gallons of make oil per hour. Based upon making 
75 cu. ft. of high B.t.u. per gallon of make oil used (84.5 cu. ft. 
was made on Test 4), this machine should make 262,500 cu. ft. per 
hour, or 5,250,000 cu. ft. per day on the basis of 20 hours operation. 
The increase in generating capacity was largely due to ability to 
introduce the Diesel oil at a faster rate than fuel oil, resulting in a 
shorter operating cycle. 


Tar and Lampblack: Due to the short test periods, no attempt 
was made to measure the amount of tar produced. Based upon the 
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Fig. 3. Jones oil gas generator, San Diego. 
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TABLE NO. 2. SUMMARY OF OPERATING RESULTS—SAN 
DIEGO PLANT TESTS 


Test No. ] 2 3 4 


Single Single Single 


Machine Shell Shell Shell 2-Shell 
Oil Used Diesel Diesel Kerosene Diesel 
aver. 2aes. Tee, ‘F¥................ 1450 1360 1430 1470 
Gas Made Cor. M.c.f................... 255.0 307.8 343.0 358.0 
Make Oil Per M Gal................... 11.77 14.60 14.00 11.83 
Heat Oil per M Gal............... brie KS 1.25 1.40 1.31 1.05 
Total Oil per M Gaal................... 13.02 16.00 15.31 12.88 
Make per Hour M.c.f........ seats oe 127.5 111.0 128.0 160.0 
Cu. Ft. per Gal. of Make Oil.... 85.0 68.5 71.5 84.5 
B.t.u. Outlet Primary Scrubber.... 946 1024 1032 921 
B.t.u. Inlet Relief Holder.............. 926 873 975 914 
B.t.u. per Gal. of Make Oil-....... 78,710 60,500 69,700 77,400 
B.t.u. after Oil Scrubbing............ 823 932 900 
HeS Grs. per 100 Cu. Ft............. 30 73 
Organic Sulphur Grs. per 100 
Te A oi Re REIS Ne ; 7.6 
Gas Analyses 
A ee 8 2.0 1.8 2.2 
ES ele eD ae Biat-P* 19.8 18.6 23.6 21.5 
eters Se ieee eee os 5 5 a U 
} > [Seana PNET LEE NINO 6 RE 2.6 5.0 3.3 3.9 
ES See 32.8 33.6 28.6 26.6 
Saturated Hydrocarbons .......... 41.3 37.6 38.6 41.3 
Pepe ne Sade bia’ Sichisihai pabsensiiiinbudsoebaes 2.2 2.7 3.6 4.6 
Bee RIE a ciisckcacctinneimcetinns .64 .68 .68 


amount of tar produced from gas oil in the manufacture of car- 
buretted blue gas, it is believed that the amount of tar produced 
when making a high B.t.u. gas will be about 20 per cent of the make 
oil used. Observations of the overflows from the washbox and 
scrubbers indicated that most of the tar was removed from the gas 
in the washbox and the balance was readily removed in the scrub- 
bers. The tar made resembled coal tar. It seemed to settle in the 
bottom of the tar separating pit very quickly. At ordinary tempera- 
tures the tar was rather viscous but became very fluid when heated. 
It should be possible to burn this tar as easily as fuel oil. There is 
no reason why the tar cannot be used for heat oil in the oil gas 
machines or burned under a boiler. 

No lampblack was noticeable in the washbox or scrubber over- 
flows nor in the tar separator. If any lampblack was made it was 
probably a small amount which was picked up by the tar and carried 
in suspension. 

The elimination of lampblack and the production of a good quality 
of tar should greatly improve plant operating conditions when mak- 
ing a high B.t.u. gas as compared with making a 550 B.t.u. oil 
gas, especially when operating under peak load conditions. It should 
not be necessary to shut down to remove lampblack from washboxes, 
etc. If tar accumulates in the washbox, the installation of a drain 
pipe on the bottom of the washbox should make it possible to drain 
the tar without interruption in the production of gas. The tar and 
lampblack problem will be greatly improved when making a high 
B.t.u. gas with Diesel oil. 


Quality of High B.tu. Gas Made: It will be noted in the tabula- 
tion of the results, that the B.t.u. of the gas was higher at the outlet 
of the primary scrubber than at the inlet to the relief holder. This 
was undoubtedly due to the intensive scrubbing which the gas re- 
ceived. In addition to the primary scrubber the gas passed through 
four scrubbers before entering the relief holder. These four scrubbers 
are designed to scrub the total plant capacity. During the tests the 
gas passing through the scrubbers was about 1/6 to 1/7 the amount 
for which they were designed. Fresh salt water was used in the 
washboxes and scrubbers. The net result was that the gas was in- 
tensively scrubbed as it entered the relief holder. 

In Test 4 with the two-shell machine the loss in B.t.u. between 
the primary scrubber and the relief holder and also the loss on 
scrubbing with transformer oil was considerably less than in Tests 
2 and 3. It is believed that this is due to the fact that in Test 4 the 
oil was cracked in an atmosphere of steam. The only steam used 
in Test 1-2-3 with the single shell machine was the steam introduced 
through the oil sprays for atomizing the oil, which was a small 
amount. With the two-shell machine additional steam was intro- 
duced into the superheaters of both the primary and secondary 
shells. The amount introduced was approximately the same as when 
making 550 B.t.u. oil gas. In this way it was possible to crack the 
oil in an atmosphere of steam which seemed to result in a more 


efficient cracking. 
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An attempt was made in Test 4 to compress a portion of the gas, 
entering the relief holder, to 60 lbs. pressure and determine the effect 
on the B.t.u. The gas was compressed in a portable air compressor 
and a sample of the gas after compression collected in a 2-cu. ft. 
holder. The B.t.u. of the sample collected after compression was 
determined with a Junkers Calorimeter and compared with the 
B.t.u. of a composite sample of the uncompressed gas entering the 
relief holder. This test showed an increase of 11 B.t.u. or 1.2 per 
cent due to compression to 60 Ibs. pressure. This increase of 1.2 per 


‘cent is believed to be within the limits of accuracy of such a test. 


The loss in B.t.u. due to scrubbing the gas with transformer oil 
is the best criterion by which to judge the B.t.u. loss due to compres- 
sion. Such a test undoubtedly will show a greater B.t.u. loss than 
would be obtained if compressed to 60 Ibs. pressure. The scrubbing 
tests showed that a high B.t.u. gas will not lose more than 50 B.t.u. 
if compressed to 60 Ibs. 


Utilization: The high B.t.u. gas burned perfectly in all the 
appliances, adjusted for natural gas, in which it was burned. The 
flame was much shorter than the natural gas flame. It had a dis- 
tinct cone and was not as easily blown from the ports. With the 
radiant burner adjusted for natural gas, the high B.t.u. gas popped 
when the gas was shut off. 

Mixtures of high B.t.u. gas and natural gas burned perfectly in 
the various appliances adjusted for natural gas. 

When burned in appliances adjusted for 550 B.t.u. oil gas, the 
high B.t.u. gas burned with a high yellow sooty flame. 

These tests indicated that a 925 B.t.u. oil gas could be used as a 
substitute for natural gas or mixed with it in any proportions. 


Discussion of Results of San Rafael Tests: 


As previously mentioned, conditions in San Diego did not permit 
commercial operations. More extensive tests were therefore con- 
ducted at San Rafael, Calif., in which the high B.t.u. manufactured 
gas was distributed to 9,514 consumers. 


Plant Operation: The generator used was a standard Jones two- 
shell machine, 12 feet in diameter, rated at 2,000,000 cu. ft. per day 
of 550 B.t.u. oil gas. Fig. 4 is a cross-section of this generator. The 
gas on leaving the machine passed through the usual washing and 
scrubbing apparatus before the relief holder, then through oxide 
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purifiers into the storage holder where it was blended with natura! 
gas or sent out straight, to the distribution system as shown later. 

Diesel oil was used for both “heating” and “making.” Its physical 
characteristics are given in Table No. 3. 


TABLE NO. 3. PHYSICAL PROPERTIES OF DIESEL OIL 
USED IN SAN RAFAEL TESTS 


OE ge A: . SR het yg 
ee Oe OD Bec. oineens 0.870 
Pounds per Gallon........... 7.24 
ec  snietiiaseanitaanmnene 205° F. 
Nt cssbinneomnadnbioiguiindiiieaamainmons aehipeatiggmentabineddpiuneanie 220° F. 
Viscosity Say. V. at a 46 Sec. 
Viscosity Say. V. at | ae lap iinle L OF pesi 31 Sec. 

19,616 


Ee. ee maccaemeee NEN NU lis Wee nic ADiEeem A au -eitian ln 


Bit.) per Gallon .«....-....-.-..-20.-cesercecsnecacesersvotietetinoncpnsnnanucseonsnsenseymntn 142,059 

aa 55sec casi aiesi ee snimcin aitigicsalainnaharieiahiallatneta ..- 0.55% 

Fractional Distillation 100 CC. 
POE TIN Sificsidiwneinerserionicntitiibdchinnin 210° C. 
Oe Co 14.1% 
Ge AS SE NR APR ee ers Taree ee A Se TEREST Mee 2 50.1% 
OP Se EES 23.7% 
a 11.5% 
PND oe hea ; 0.6% 
enema Go iiiseai nicest cestiinsatishiccernttiichininadiicietmnianae 0.2% 
Cole: Oe We onc es. 0.35% 


Operations were controlled by the temperature of the gas leaving 
the machine. This was determined with a thermocouple placed in 
the off-take connection to the washbox. The thermocouple was con- 
nected to a Leeds and Northrup recorder. The B.t.u. of the purified 
gas was determined every 15 minutes with a Junkers Calorimeter at 
the inlet of a 500 M storage holder. 

The operations at San Rafael were carried on from May 3rd to 
18th, 1932, inclusive. For the first five days approximately 1100 
B.t.u. gas was made, whereas 950 to 1000 B.t.u. gas was made dur- 
ing the balance of the period. 

Considerable difficulty was encountered in the control of the tem- 
perature and time of contact which are essential for producing a 
uniform B.t.u. gas. Satisfactory control of these factors was not 
obtained despite all efforts to do so, although the last few days of 
operation were fairly consistent. The control of these factors is 
shown graphically in the temperature and B.t.u. recorded in Charts 
2, 3 and 4. It was apparent that the temperature and time of con- 
tact must be maintained within very narrow limits and that the 
B.t.u. of the gas was more sensitive to these factors than it is when 
making a 550 B.t.u. oil gas with fuel oil. 

This unsatisfactory condition was largely due tu the b-ricking plan 
used in the San Rafael machine. The lower checkers in the two 
shells and the large open area or throzt between the shells were 
easily overheated. This condition made it dificult to maintain a 
proper heat balance. A smaller throat area as shown in Fig. 3 
would improve this condition. The best control will probably be 
obtained with single shell generators, although it is believed that 
minor changes in the bricking plans of the two-shell machines with 
large throat areas will materially improve their operation. 

A summary of the daily operating results is given in Table No. 4. 

No attempt was made to determine generator capacities, operating 
cycles, or changes that may be necessary in the San Rafael type of 
generator to promote greater ease of operation. This is a matter for 
further experimentation, It is safe to assume, however, that a moder- 
ate increase in volumetric capacity will be obtainable in existing oil 
gas machines with a decided increase in the B.t.u. recovered from 
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the oil input, over that obtained when producing 550 B.t.u. oil gas. 


Tar and Lampblack: ‘The tar produced amounted to approxi- 
mately 20 per cent of the make oil used, or 2% gallons per M of 
gas made. 

The character of the tar produced changed considerably with 
changes in the temperature and time of contact factors. If the tem- 
perature of the gas leaving the generator was below 1200 degrees F. 
an appreciable portion of the oil was not cracked. This resulted in 
a very oily tar, having a light brown color. As the temperature in- 
creased the tar produced became darker and heavier. At 1600 
degrees F. traces of lampblack were noticeable in the washbox over- 
flow. 

When making gas of approximately 1100 B.t.u. (temperature of 
off-take gases between 1400-1450 degree F.) a heavy tar was noted 
with a distinctly lighter frothy emulsion of tar, water and semi- 
cracked oil floating on the water. When making a gas of 950 to 
1000 B.t.u. (temperature of off-take gas between 1500-1550 degrees 
F.) the froth was greatly decreased in quantity, leaving a heavy tar 
from which the water was easily decanted to a much lower water 
content than obtains when making a 550 B.t.u. oil gas with fuel oil. 
Apparently this tar can be satisfactorily used for heat oil in the 
process or for boiler fuel or both. It may also be sold as a com- 
mercial tar if a market could be found. 

If any lampblack was made in the production of a high B.t.u. oil 
gas, it was carried in suspension in the tar. The only times that 
lampblack appeared was when the temperature was 1600 degrees F. 
or higher. The gas made at such times was not suitable as the 
B.t.u. was too low. The elimination of lampblack production is a 
distinct advantage. 


Quality of Gas: Besides the B.t.u. tests made with a Junkers 
Calorimeter, the following tests were made on the high B.t.u. gas: 

Specific Gravity determinations with an Edwards’ Balance. 

Complete Analyses. 

Hydrogen Sulphide in the unpurified gas. 

Naphthalene in the purified gas at the inlet of the storage holder. 

The following are typical analyses of a 1050 to 1100 B.t.u. gas 
and a 950 to 1000 B.t.u. gas which was made. 


1050-1100 950-1000 
Be RP RRR RRR ACES 7S SARE SS Oe SOS 1.4 1.9 
UN i i 27.2 20.7 
Oo 6 2 
CO ae 3.2 
Ho 14.0 21.7 
CHy4 48.6 48.0 
) eee 6.4 4.3 
ein MPO. fiesahcciciasesntenicesedsiasaaianihcciehatthCand taanicasiacen 7085 975 
Sp. Gr. Obs. 726 661 


The gas is practically a pure oil gas. The low percentages of 
COz and CO indicate the presence of a very small amount of blue 
gas. The analyses made the first few days included a determina- 
tion of the benzene (CgHg) content of the gas. This was found 
to be vety uniform, averaging about 2.5 per cent which is slightly 
higher than the benzene content of 550 B.t.u. oil gas made with fuel 
oil. 

In the case of a few analyses the hydrogen was removed in a 
palladium tube and the saturated hydrocarbons determined by the 
explosion method using a mixture of air and oxygen. The purpose 
of this procedure was to determine the percentage of ethane in the 
gas. Strange as it may seem, no ethane was found. 


TABLE NO. 4. SAN RAFAEL TESTS — SUMMARY OF OPERATING RESULTS 


A a re oe 3 4 5 6 7 s 

MG TRS. ois i bi cbs bis ink Kw ie as 856; 1080; 1040; 1080; 855 954 
Be OS NR, sk svc uhkoenes conecas 5.0 5.9 9.7) 12.75 5.4 5.7 
Cham ene BEE SI, coo isk cdc co cccess 154.6) 379.1) 728.0/1127.6) 552.3} 520.0 
Average make per Hour M.c.f.*.......... 30.9| 64.5) 75.3) 88.0) 102.0) 91.3 
Heat Oil Gallons per M.................. 4.42; 2.00; 1.89) 1.51} 1.59; 1.44 

Exclusive of Stand-by Heat Oil 

Make Oil Gallons per M................. 14.06; 16.75} 14.11) 13.48! 12.33) 11.60 
Total Oil Gallons per M................. 18.48} 18.75) 16.00; 14.99) 13.92) 13.04 
Cubic Feet Oil Gas per Gallon make Oil...| 71.5) 59.7} 71.0) 74.0} 81.0) 86.0 
B. t. u. per Gallon Make Oil............. 61194| 64476) 73840) 79920} 69255) 82042 
Overall Thermal Efficiency. ............. $2.5; 40.5) 45.9) 50.8) 43.5] 51.3 
Average Temperature of Off-Take Gases. . . 1465; 1600) 1545 


614.6) 662.7) 833.0) 977.1/1185.4)1118.3) 809.4) 877.6) 576.5) 346.6; 87.8) 11550 
89.3} 78.0) 81.7| 74.6) 71.4) 75.6) 76.4; 71.9) 79.0 77.2 


13.67} 12.58 


12.18 ia 11.14) 10.66 2.60 11.78) 11.57} 10.23} 11.27 
82.0; 90.0; 89.5) 93.5) 87.0) 84.7; 86.0) 98.0) 88.5 cue 65.0) 83.5 


75112| 81270| 78760| 88077) 81780] 82580] 81700] 96040] 85845 79500 
47.0| 50.7| 50.0] 56.0] 52.8] 52.0] 52.4] 59.01 53.5 50.0 
1520| 1545) 1495} 1480| 1470) 1400] 1355] 12501 1320 | : 1450 


13 14 15 16 17 18 19 |Totals 
940; 975; 950; 980; 970 955 
16.7; 14.8) 10.6) 12.2] 7.3 144,75 


9 10 11 12 
916; 903) 883; 942 
6.9; 8.5) 10.2) 13.1 


1.49; 1.44 1.31) 1.16) 1.14) 1.23) 1.17) 1.48] 1.48) 1.20) 1.56) 1.44 


12.31} 15.90} 12.00 
13.01) 12.74) 11.71) 12.75) 13.51] 17.46) 13.44 


12.45) 11.82) 12.59 


* Normal Operating Making 550 B.t.u. Oil Gas San Rafael Generator Averaged 79 M.c.f. per Hour. 
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2225 SS ee : 3 The hydrogen sulphide in the unpurified gas was as high as 200 
23 = SSSSa 21 3 grains per 100 cu. ft. No tests were made on the organic sulphur 
ee ae Ee 3 in the purified gas. 

a es Zw 7 sey The maximum hydrogen sulphide obtained was 73 grains per 100 


SBS GY Se SS FESS Soe SE SES | eS | : cu. ft. and the organic sulphur was 7.6 grains per 100 cu. ft. in the 
Sed ee Se RR Sed Eo dS See ed ee coed Mee es ES San Diego tests. 
a ee ae Obie Ses Ses SE ee Tests for naphthalene in the purified gas showed none to be pres- 


a eee eer ek ee a See : mp RaZeste ent. If any naphthalene was formed it was probably absorbed by 
—; ; 4 4 + : _— ye ; . ~ ; 4 : t ; ; : } the tar. . : , . 

A sample of the gas taken from a high pressure transmission line 

Chart 2. San Raphael tests, May 12, 1932. 11 miles from the plant showed no drop in B.t.u. The gas in this 
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line was compressed to 55 pounds per square inch at the plant and 
was 20 pounds at the point of sampling. 

Some light oils were collected in a few of the drips, but were less 
than previously obtained from 550 B.t.u. oil gas made with fuel oil. 
The presence of light oils was confined to an area within 10 city 
blocks of the plant. This may be due to the fact that the period of 
the tests was too short for a fair comparison, Nine drips yielded 
10 gallons each day with the 960 B.t.u. gas. Formerly 30 to 40 
gallons were obtained. 


Conclusions Regarding the Production of High B.t.u. Oil Gas: 


The following conclusions are based upon the results of the plant 
tests at both San Diego and San Rafael. 


1. That it is feasible to manufacture a high B.t.u. oil gas in any 
standard oil gas generator without making any appreciable changes 
in existing apparatus. Such a gas is suitable for mixing with any 
proportion of natural gas or can be used as a substitute for natural 
gas in an emergency. 

2. That Diesel engine oil or a distillate oil of 30 to 35 deg. Be. 
gravity is well suited for making such a gas. Fuel oil used for 
making a 550 B.t.u. gas is not suitable. 

3. That a high B.t.u. oil gas can be made with existing oil gas 
generators at the same or greater volumetric capacity than 550 
B.t.u. oil gas is made. 

4. That the predominating factors in the manufacture of high 
B.t.u. gas are temperature and time of contact. With Diesel oil or 
lighter distillates these factors must be maintained at a more criti- 
ca! point than with heavier oils. A slight variation in either 
factor is manifested in a wide variation in the B.t.u. of the re- 
sultant gas. 

5. That the best control of operation will probably be noted on 
straight-shot generators. Minor changes in the bricking plan of 
two-shell generators with large throat areas should improve the 
control of operation. 

6. That cracking the oil in an atmosphere of steam in either 
a single shell or two-shell generator may increase the operating 
efhciency. 

7. That the sole by-product is a tar similar in character to coal 
tar. It is easily decanted from the effluent water and complete 
dehydration is more readily accomplished than in the tar produced 
from fuel oil, making this product more suitable for fuel or com- 
mercial use. 

8. That the total tar produced is about 2% gallons per M.c.f., 
bringing the weight of the by-products to about the same as the 
combined weight of tar and lampblack produced when making 
550 B.t.u. oil gas. 

9. That the bulk of the tar is removed from the gas in the 
washbox. The balance is readily removed by scrubbing and it ap- 
pears that only about 50 per cent of the scrubbing required by 550 
B.t.u. oil gas would be required by the high B.t.u. oil gas. 

10. That the sulphur in the gas is less than with 550 B.t.u. 
oil gas. 

11. That no naphthalene is present in the purified gas. 

12. That the low residual carbon (Conradson Test) of the 
Diesel oil augurs well for a long life of the checker brick. 


13. That the high B.t.u. gas is very stable and can be com- 
pressed to a pressure of 60 pounds per square inch with practically 
no loss in heating value. 

14. That the production cost of high B.t.u. gas will be about 75 
per cent more than 550 B.t.u. oil gas. This high cost is due to the 
higher fuel cost, largely as the result of using more oil, (12 to 13 
gallons total oil per M). The high fuel cost is offset to some ex- 
tent by lower labor costs, particularly in the by-product account due 
to the absence of lampblack. There should be an increased residual 
credit from the tar whether it is burned in the boilers or com- 
mercialized. Maintenance expense should be lower due to longer 
life of checker brick, purifiers and boilers. Other potential sav- 
ings could be enumerated, which may be partially counteracted by 
the inefhciencies of spasmodic emergency operation. ‘The produc- 
tion cost per therm should be about the same as with 550 B.t.u. 
oil gas. 


Effects upon the Customers’ Appliances and the Service in General 
as Demonstrated at San Rafael 


The territory segregated for this test is suburban, adjacent to 
San Francisco, and contains 9,514 gas customers. Although these 
include some industrial and commercial installations, the majority 
are homes of business people ranging from moderate places to those 
of retired wealthy people. It is unfortunate that’ a section could 
not be selected where a greater variety of industrial equipment 
was in use. However, some of this apparatus is adaptable to lab- 
oratory testing and a 100,000 cubic foot holder tull of the manu- 
factured gas is being held for that purpose. At some later date 
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it may be possible to clear up some of the uncertuinties in regard to 
them. In the winter season, when peak loads and interruptions are 
most likely to occur, a greater portion of house heating devices will 
be in actual operation, but the general survey and special investiga- 
tions, made at this time, seem to show what may be expected from 
them. On account of these conditions, the complaints received dur- 
ing the test, although carefully analyzed, are not regarded as hav- 
ing as much value as the special survey and other observations. 

The manufactured gas, after passing through the relief holder, 
purifiers, and station meters, was mixed with natural gas at the 
inlet of the storage holder. A number of appliances in duplicate 
were installed at the plant as pilot appliances. One group was 
supplied with natural gas and the other with the mixture enter- 
ing the storage holder. They were all adjusted for natural gas, 
before the mixing started, by one of the regular service crew. As 
later developed, this adjustment was apparently leaner than the 
average adjustment on the customers’ appliances. Because the sup- 
ply line to the pilot group of appliances was taken from the inlet 
to the storage holder, the observations could be made upon any mix- 
ture a few hours before that particular mixture was delivered to 
the street mains. 

On Tuesday, May 3, a mixture containing 25 per cent of 1070 
B.t.u. manufactured gas and 75 per cent of 1192 B.t.u. natural gas 
was turned into the storage holder. The per cent of manufactured 
gas was increased by small steps until on Friday, May 6, the nat- 
ural gas was shut off and 100 per cent manufactured gas flowed 
into the holder. During the day, a number of complaints for ad- 
justments and leaks were received. The strong pungent odor of 
the manufactured gas was much more noticeable than the odorant 
that is introduced into the natural gas. This was not alarming 
as the pilot appliances were performing very satisfactorily and the 
adjusting crew reported that they were able to correct the com- 
plaints by slight adjustment. 

On Saturday, May 7, complaints for both odor and adjustments 
continued. A hurried inspection showed that the majority of the 
customers’ appliances were showing yellow tips. The mixture was 
immediately dropped to a 50-50 blend and the heating value of the 
manufactured gas reduced to about 960 B.t.u. Complaints fell off 
immediately and the service returned to about normal. 

On Tuesday, May 10, the mixture was increased to 67 per cent, 
on Wednesday to 80 per cent, on Thursday to 90 per cent, and on 
Friday, May 13th, to 100 per cent manufactured gas. In the mean- 
time, the group of pilot appliances had been increased in number 
and variety. The adjustments were made for very wide extremes. 
Some of the burners were adjusted with a small amount of gas both 
lean and rich. Others with a large amount of gas both lean and 
rich. It was evident that the customers’ appliances represented a 
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Fig. 5. San Raphael tests. Graphic log of changes in dis- 
tributed gas and the corresponding adjustment and leak com- 
plaints received. 
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TABLE NO. 5 SPECIAL GAS APPLIANCE SURVEY 
| May 13, 14 and 15, 1932 Serving 961 B.t.u. Manufactured Gas 
May 24 and 25, 1932 Serving 1192 B.t.u. Natural Gas 


ADJUSTMENT 
| | Number of 
GOOD Yellow Sooting Lean Backfiring Totals Appliances 
Mig. Nat. | Mfg. Nat. | Mfg. Nat. | Mfg. Nat. | Mfg. Nat.) Mfg. Nat. | Mfg. Nat. 
Hot Plates...........| 84. en Boe: re. 1. er Be ee 1 eC 97. 
Peer eee Sines | 66.0 wt tT 3 169 0. » Paes Se | ee Op 0. 0. 100. 100. 
I ie sn cs 9 5 4 | - 729. 669. | 160. Pa. tT 3S, 3. | 169. 36. 2. 0. | 1078. 786. 860. 701 
Per Gee ee tk. i?  @F4 85. 14.8 10. Be cic gue} ty ieee ea 100. 100. 
Comb. Ranges.......; 72. 74. LS. RS RE ORE > 30. >. ee 117. 88. 83 80 
Pee Re, oa aes aa oe 4 BEI 10.3 Se ae ee Cie 100. 100 
Tank Wtr. Htrs......| 546. S33, | 148. 49. | ee eae © FR ee >} p SR 8 B 644. 542 
PU OE ales es 70.8 89. 15.3 8.5 1.4 3 > te gia Pp ee > 100. 100. 
Inst. Watr. Htrs......} 69 61 20 17. 6 1 21 0 3. 0. 119. 79. 97. 70 , 
Re Oe ar 57.8 4.4 16.7 21.5 ee ae Zw. 6S ie 100 100. 
awe wk. oe ee | ae. a OP a TBS ass. 119 | tas. 112. 
ee sk 57.4 Care 1. Adam bow, kj fae 0. 11.6 8 a 100 100. 
Cir, Rm. Htra........| 94. 103. 12. SS SE ae oO 25. : et 1. 0S. | 130: 116. 
Oe A ee wea 69.1 89.5 8.8 9. ..2 9 18.4 9 Ba: 100 100. 
Range Ovens....... | 683. 639. | 84. 34. rs GO. + 16. 13. 1. 0. 873. 686 822. 651 
ot. Sea: 78.3 93.2 9.5 4.9 > mise: 4 tt: .®, 100. 100. 
Central Furnaces..... 63. 37. 10. - :, RS ee 0. 3. 0. 91. 40. 67. 46 
a 6? Senta 69.2 92.5 11.1 7a 1 0. 4 Eo ose 100 100 
| Convr. Burners...... 42. 45. 1. 2 0 0 17. 0 4 0. 64 47 61 15 
Pee Meee ees Se | 65.6 95.7 1.6 4.3 0 0 26.6 90 6.2 0 100 100 
NE a Fo 60k eee 7 10. 0. Aas a _ eS Bs 0. . 0. 10. 10. 5 10 
. at eer ee 50. 100. 0. SE ee ee 40. 0. .. -.@, 100. 100. 
Radiant Htrs......... ee 19. 1. : oe WE ere Peay Sa % 4. 2 ee 25. 21. _ eee: a 
, £Y aoe 68. 90.5 4. 9.5 0 0 20 0 8 0. 100 100 
WIE bs chaste Cee ea. ane; 46. 522. 70. 26 0. | 3569. 2670 3062. 2491 
5 ES EG aera. | 69.8 88.4) 13.6 8.7 ee eo) 5482S See 3 100. 100. 


very wide range of adjustment, and it was necessary to make a 
manufactured gas such as could be used on the majority of ap- 
pliances with the expectation that there would be a few flashbacks 
and some sooting. Above a 70 per cent mixture there was an in- 
crease in adjustment complaints, but the leak complaints continued 
to decrease. The odor of the lower B.t.u. manufactured gas was 
not as pungent as the higher B.t.u. gas and it is likely that the 
leaks had been fairly well taken care of with the first rush of com- 
plaints when serving the richer gas. 

It was obvious that the complaint record was not an accurate in- 
dication of the character of service received by the average cus- 
tomer. A special crew of picked men was sent out to make a house- 
to-house inspection. They were instructed not to make any adjust- 
ments except such as were absolutely necessary to prevent unrea- 
sonable service. A record of their observations, when serving 
manufactured gas, is shown in Table No. 5 under the columns 
marked “Mfd.” A total of 3,569 appliances was inspected on this 
house-to-house survey. 

Only in cases where the appliance was backfiring or sooting 
could the service be considered entirely unsatisfactory for emergency 
use. From the fact that 1.3 per cent of all the appliances inspected 
were sooting and .7 per cent backfiring with the manufactured gas, 
while during a later survey when the service had been restored to 
straight natural gas (see columns marked “Nat.’”) .3 per cent were 
sooting and none backfiring, it is evident that the manufactured gas 
has a slightly less range of adjustment than the natural gas. Since 
natural gas can be burned in burners without any primary air and 
does not flash back readily and also, because customers often have 


their-own idea as to the type of flame they want, it is not likely 
that any gas can be made that will substitute om all the natural 
gas appliances in any community with the wide range of adjust- 
ments as occur there. It is probably, however, that on a system 
where such a manufactured gas may be served, that a standard 
adjustment can be more nearly approached on all appliances so 
that at the time of such a change, hardly any would show a yellow 
flame or backfiring. Slight yellow tips on the one hand and short 
lean flames on the other are very likely to show in some cases, even 
with a special effort for standardized adjustments when the manu- 
factured gas is used alone. For mixtures up to 50 and possibly 70 
per cent, there is no indication of unsatisfactory service. There 
is a visible change in the flame. It is shortened slightly. The 
inner cone becomes more pronounced and takes on a bright green 
color. 

The effect that the type of adjustment has upon the performance 
is shown by the data in Table No. 5. The conversion burner and 
boiler equipment were installed and adjusted by a different crew 
than that for the general run of domestic appliances. These ad- 
justments were probably the average for all the appliances. Here 
there was no sooting, but some backfiring. A satisfactory gas for 
substitution for this group would probably be around 1050 B.t.u. 
manufactured gas instead of 960 for the general average. 

Fig. 5 shows the adjustment and leak complaint record in graph 
form and is probably representative as to what might occur in any 
similar community for a similar season of the vear unless a policy 
of standardized adjustment had been adopted previously. The 
general opinion of the service men and of those on the special sur- 
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vey is that, with proper attention given to this matter, the change 
from natural gas to manufactured gas can be accomplished without 
causing complaint. 

In Fig. 5 the per cent of illuminants in the manufactured gas, the 
actual heating value of the manufactured gas, the natural gas and 
mixture are also plotted. The high illuminants and not the hydro- 
gen seemed to have caused the most trouble. These constituents 
break down in the flame unless a reasonable amount of primary 
air is entrained. The desire was to serve a high B.t.u. manufac- 
tured gas, approaching that of the natural gas, in order to mini- 
mize the effect of lowering the heat input. This could not be done. 
The slow burning natural gas is usually given a limited supply of 
primary air and the gas which is substituted must meet such a 
condition. It seems that this is accomplished with a manufactured 
gas having the illuminants in the neighborhood of 20 per cent and 
B.t.u. about 960. When the manufactured gas was 900 B.t.u. or 
less there was a tendency to flash-back if the gas was burned straight 
in the pilot appliances, especially with automatic water heaters. 
The gas analyses showed a hydrogen content of the gas at such 
times of 30 per cent or more. It would seem therefore that the 
percentage of fast burning constituents (H2+ CO) should not ex- 
ceed 35 per cent. 

Following the four-day period of distributing straight manufac- 
tured gas, for two days a mixture of 30 per cem manufactured gas 
was served at the request of the sales department. 


Extracts from the comments by the Domestic Heating Sales En- 
gineer upon the use of straight manufactured gas and the 30 per 
cent mixture follow: 

“This gas causes much faster ignition, which is a point in its 
favor. It does, however, require much closer adjustment of pri- 
mary and secondary air. Burners which were adjusted with a 
slightly soft flame using natural gas, which adjustment is charac- 
teristic in our domestic gas range field, burn with a very satisfac- 
tory flame with a high B.t.u. Diesel gas.” 

“In calling on 22 customers to inspect their house heating appli- 
ances, it was found that all 22 could, without inconvenience, use 
their appliances without burner adjustments. The only difficulty 
would be on the appliances using a three-heat type of control. On 
these appliances the low heat would backfire in the mixing tube. 
This could not cause damage but might inconvenience the cus- 
tomer by not obtaining a low heat. Thermostatically controlled 
heating appliances operating a valve which would be ‘full on’ or 
‘full off’, worked quite satisfactorily without burner adjustment. 
Manually controlled heating appliances, with a few exceptions, 
would not need adjustment. Not a single complaint was received 
on the operation of gas ranges from any of the 22 customers 
called on.” 

“It was decided that it would be advisable to extend the test 
another day serving a gas which would be approximately 70 per 
cent natural and 30 per cent manufactured Diesel gas. It was felt 
that this percentage of mixed gas would be as high a percentage 
as would be necessary to use during any peak load condition which 
might develop within the next two years. We were interested in 
knowing just what effect this mixture would have on appliance 
operation and if the customer would be able to detect any differ- 
ence between this mixed gas and our straight natural gas and cause 
them to complain. 

“The results of this second phase of the test were very gratify- 
ing. Calling back on the 22 jobs previously called on, in every 
instance the operation of heating appliances was highly satisfactory. 
The same jobs that were backfiring on the operation with the low 
heat the previous day worked very satisfactorily and from the 
customers’ standpoint, no difference had been detected. The charac- 
teristics of gas range burner flames were almost identical with that 
of straight natural gas. This is quite important inasmuch as a 
great number of the complaints are not actually being caused by 
the heat from the burner, but are caused by the visual appearance 
of the fame produced.” 

“From observations made it is felt that straight Diesel gas could 
be served the domestic field in an emergency for a short period of 
time without causing sufhcient agitation among our customers to 
hurt sales activities. Secondly, that a mixed gas of 70 per cent 
natural and 30 per cent Diesel could be used during peak load 
conditions without in any way disturbing relations with domestic 
consumers.” 


Effect on Industrial Burners 


The following are extracts from the comments of the Industrial 
Sales Engineer on the use of straight manufactured gas: 


Conversion Burners, French Ranges: Observed a_ gasomatic 
burner which had been operating satisfactorily on natural gas. 
This burner operated with an entirely luminous flame. Gas valve 
and air shutter, wide open. (No secondary air adjustment pos- 
sible.) Cooks complained of insufficient heat, which they considered 
as seriously handicapping them in their work. 
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Cast Iron Boiler in Apartment Houses—Newman Burners: Front 
sections near pilot and flare pilot heavily sooted. Operations satis- 
factory after burners had been lighted a few seconds. Soot all 
caused by the starting up cycles, at which times lots of soot was 
generated. 


Steel Firebox Type Boitlers—Newman Burners: Operation ap- 
parently satisfactory. 


Fifty Horse Power H. R. T. Boiler in Laundry: Nemec Venturi 
type burners. Operation apparently satisfactory. On a large boiler 
of this kind, a considerable loss in efhiciency results from lowering 
B.t.u. input without accurate damper setting for new gas. Fire was 
real clear, and burner deflector tips were red. There was con- 
siderably more noise than with natural gas but this did not mat- 
ter as boiler room noise was not objectionable. 


Premix Bake Oven Burners of Two Types: In one case the 
shorter flame and proximity to the brick hearth had caused melt- 
ing down of the burner tip. In the other case, lack of knowledge of 
change in gas, hence neglect to change burner adjustment had 
caused considerable sooting. 


Miscellaneous Atmospheric Appliances: Operation apparently 
satisfactory. Any kind of luminous flame pilot soots abundantly, 
except by careful adjustment to a low point. 


Conclusions: “There being practically no industrial load in the 
territory in which the experiment was made, the difficulties which 
would normally have been brought to light in an industrial area 
were not encountered. We have a large number of industrial ap- 
plications using automatic proportioning equipment which permits 
only a very limited variation in gas characteristics for satisfactory 
operation. This includes equipment on industrial forging and heat 
treating furnaces, brass melting furnaces, newspaper stereotype pots, 
galvanizing furnaces, vernish fires, core oven, and other jobs of 
a similar nature. The greatest danger to be encountered is the 
possible destruction of equipment due to backfiring at low or hold- 
ing rates of usage. 


“All this equipment is now set for the slow burning natural gas 
containing no free hydrogen. The proposed manufactured gas has 
about 20 per cent hydrogen and a mixture in the ratio of one to 
two of natural gas will contain about 7 per cent free hydrogen. 


“The increased rate of flame propagation of a gas with that much 
hydrogen present will, no doubt, require a change in adjustment of 
a large number of industrial appliances, not only for satisfactory 
operation, but for preventing entire shut-down of the equipment, or 
serious damage. 


“There is no question that plants having equipment such as gal- 
vanizing furnaces operating at night for long hours at minimum 
rates will probably have to shut down such equipment until straight 
natural gas is again available because of the backfiring of the 
burners at low rates when using a gas containing free hydrogen. 


“Surplus natural gas customers having boilers will immediately 
notice the change to a lower B.t.u. gas, particularly if the boiler 
burner capacity with straight natural gas at maximum is just 
sufficient, for the customers’ requirements. 


“In the field of straight low pressure gas, atmospheric burners, 
operation will no doubt be satisfactory, especially in the multiple 
drilled port type of burner. However, since the advent of natural 
gas, a large number of single port burners or burners having a few 
large size ports, have been sold by the manufacturers of the so- 
called ‘natural gas burners.’ ‘These burners would have a tend- 
ency to backfire, if adjusted with a somewhat ‘lean’ mixture on 
manufactured gas at low pressures. 


“If it is going to be our policy to mix various percentages of 
manufactured gas with our. regular natural gas, I believe we will 
need a set-up in which certain classes of customers will be 
be given immediate notice of intended change, or immediate ad- 
justment service. Also, appliances sold in the future should be 
selected for a wider range of satisfactory performance. These could 
be set for best efficiency on natural gas, but would have the range 
of operation necessary to be satisfactory on the gas which would 
be served during the peak loads or emergencies; that is to say, the 
lowest B.t.u. and highest hydrogen content gas which it is decided 
or anticipated might be used under those circumstances.” 


The following are statements upon special cases observed by the 
division superintendent: 


“Power Boilers: Two B and W boilers at the plant normally 
rated at 264 H.P. each delivered as high as 1150 H.P. with the 
manufactured gas fame. The switch from manufactured to natural 
gas could be made without any adjustment whatever in the type 
A. N. G. E. Burners. The firebox showed a nearly invisible blue 
flame burning close to the burners; with pilot shut-off there was 
practically no color. 
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“Heating Boilers: Due to the higher rate of flame propagation 
as compared to natural gas, the fame given by the manufactured 
gas was more compact and gave off its heat a great deal closer to 
the burner, making it particularly advantageous in firebox con- 
version where the box space was limited. The stack temperatures 
consequently were lower. As might be expected, a_ reasonable 
draught was needed; otherwise, the gas would burn at the burner 
spud. 


“Conversion Burners: Unless the standard P. G. and E. con- 
version burners were set very lean, the manufactured gas worked 
well, except on the low speed burner where a small percentage 
backfired due to the large port area, high entrainment of air and 
high rate of flame propagation. A small decrease in primary air 
made the low speed adjustment correct and did not seriously inter- 
fere with the natural gas flame. 


“Public Reception: Of the 1049 consumers visited on the second 
survey immediately after the experiment, there were only 5 who 
were unfriendly. There were many who were concerned about ap- 
parent leaks, many who complained about soot at first, but very 
few who were really antagonistic. 


“Gas Engines: The San Rafael City Engineer experienced a 
pounding in the city gas engine on the sewer pump, which was per- 
haps due to the faster burning of the manufactured gas as com- 
pared to the natural gas. The r.p.m. of the engine also dropped 
off some as the total heat content of the gas was somewhat lower, 
but the engine started and ran well with the above exceptions. The 
normal operating speed was 1150 r.p.m. with natural gas; with the 
oil gas the starting speed was 800 r.p.m. which built up to 1100 
after 10 minutes running. No serious operating effects were felt.” 


General Conclusions on the Adaptability of a High B.t.u. Oil Gas 
as a Substitute for Natural Gas: 


1. That in any community where manufactured gas is to be used 
for standby, standardized adjustments should be attempted. 

2. That there is no doubt that a 30 per cent mixture can be 
served without inconvenience to customers. This is conservative. 
A 50 to 60 per cent mixture can be detected by sight, but should 
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cause no trouble; except, possibly to certain industrial appliances 
that have very delicate adjustments. This is subject to further 
test. It seems that provision to take care of such cases would not 
be a serious matter. 

3. That with standardized adjustments and elimination of obso- 
lete and unsuitable burners, the emergency use of 100 per cent high 
B.t.u. manufactured gas should give a reasonable service to at 
least 98 per cent of the customers. This depends somewhat on the 
character of the community and the season of the year. 

’ 4, That the loss on compression to such pressures as ordinarily 
used for distribution or short distance transmission is negligible. 

5. That the B.t.u. and specific gravity of the manufactured gas 
that should be used depends somewhat upon the character of the 
natural gas for which it is to substitute. A 960 B.t.u. in oil gas 
(Sp. Gr. .65) seems most satisfactory for a 1190 B.t.u. (Sp. Gr. .66) 
natural gas. Since the presence of a large amount of illuminants 
prevented the use of a richer gas and no special study was made 
on the relations of these constituents to the B.t.u., it is not definite, 
but probable that the oil gas which may be used with 1100 and 
1000 B.t.u. natural gas need not be lower than 900 to 950 B.t.u. 
With these gases it is not likely that the primary air will be re- 
stricted any more than was found in many cases during this test. 
The flashback tendency will prevent reducing the heating value 
much lower. 

6. That the limiting of the percentage of fast burning constitu- 
ents in a high B.t.u. manufactured gas is important. If these are 
too high there will be a tendency to flash-back. 

7. That it is equally important to limit the percentage of un- 
saturated hydrocarbons in such a gas. If these are too high there 
will be a tendency to soot at the flame tip. 
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Manufactured Gas in Pacific Northwest 


By C. P. JoHNsoNn* 


Superintendent Gas Department, 
Puget Sound Power & Light Company 


N recent years, the invasion of natural gas pipe lines gradually 

has been eliminating the manufacture of gas on the Pacific 

Coast, except in the Pacific Northwest. An examination of 1931 
statistics shows that there were only six companies whose sales 
constituted 91 per cent of the total sales of manufactured gas in 
California, Oregon, and Washington. During last year these com- 
panies experienced losses of 1.8 per cent in customers, 5 per cent in 
gas sales, and 4.5 per cent in revenue. This high percentage of 
sales for six companies indicates that it is 
only in the larger cities that the gas industry 
has been able to withstand the various forms 
of competition. Consequently, it is fair to 
assume that the small companies which con- 
stitute the remaining 9 per cent of the total 
sales suffered even heavier losses in cus- 
tomers, gas sales, and revenue. 

The climate of the Pacific Northwest 
should make it an ideal territory for the 
sale of gas for heating. With no extreme 
temperatures, cool mornings and evenings, 
and a moist atmosphere, one would expect 
large sales of gas for house heating. But 
local coal, slab, or mill wood as a by-prod- 
uct of the lumber companies, and oil trans- 
ported by water, prove strong foes in this 
field of the business. The electric companies 
with low-costing hydro-electric power offer rates for domestic cook- 
ing and refrigerating and flat rates for water heating which are 
highly competitive. This rivalry is felt especially in cities with 
municipally owned and tax exempt electric plants which offer 
extremely low rates. 

In the Northwest, the manufactured gas industry is fighting its 
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biggest battle. Under the guidance of a few large companies, im- 
provements in every branch of the game are being made to lower 
the cost of the gas to the consumers and to offer appliances which 
create a desire in the people to use this fuel. 


In the production end, we find that the back-run process, one of 
the biggest improvements in water gas manufacture, was designed 
and first used in Tacoma, Wash. The B. C. Electric Power & Gas 
Co., Ltd., of Vancouver, B. C., utilizes two water gas sets which 
are equipped with automatic chargers and clinkerers. The entire 
water gas plant, with daily capacity of 3,800,000 cubic feet, can be 
operated by one gas maker and two assistants. The Washington 
Gas & Electric Co., the Seattle Gas Co., the Puget Sound Power 
& Light Co., and several others have made extensive experiments 
in the use of local low grade coals for water gas manufacture. 
These coals are sub-bituminous, with high percentage of volatile 
matter and ash, but methods of operation have been determined 
whereby their use is profitable. Other companies have made simi- 
lar economic improvements in the manufacture of coal gas and 
oil gas. 

In the appliance end of the business, we find the Portland Gas 
and Coke Co. has developed househeating equipment of high efh- 
ciency to encourage the use of this ideal fuel. The Spokane Gas 
and Fuel Co. is merchandising a flat rate water heater which com- 
petes successfully with similar electric equipment. Several com- 
panies have made the public conscious of the advantages of gas 
refrigeration. The closed top ranges in various colors have been 
pushed to the fore due to their cleanliness and attractive appear- 
ance. The larger cities have extended high pressure lines to outlying 
small towns so that their residents might enjoy this quick-heating 
but inexpensive fuel. Seattle’s recent change to the thermal type 
of rate has also had its effects. Gas, sold on the basis of 2.8c per 
unit of 10,000 B.t.u., is much more tangible and equitable for com- 
parison with electricity selling for 2.0c per kilowatt-hour of 3,415 
B.t.u. than it is on the basis of $1.40 per M cubic feet of 500 B.t.u. 
gas. 

With every department of all the gas companies working towards 
lower costs and better comprehension on the part of the customers 
in regard to the economic, efhcient, and clean use of gas in various 
appliances, the manufactured gas business should win its fight in 
the Northwest. That it is a hard struggle is shown by the fact 
that we are at least spared the additional worry of having munici- 
palities or other groups clamoring to take over the business. 
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Gas Production 7m Spokane 
By R. A. HoFFMAN 


Assistant Superintendent, Spokane Gas & Fuel Company 


HE purpose of this paper is to give you an idea of the Pro- 
duction Department of the Spokane Gas and Fuel Ceo. 
Each gas works differs from any other although general 
principles are the same. Such things as raw materials and climate 
are usually the controlling factors, so we see, at the outset, that our 
individual problems of operation are all a little different. 


Two kinds of gas are made in Spokane: Coal gas and blue gas. 
Coal gas is produced in horizontal 10-foot through retorts. We 
have 16 benches of 6’s, full depth, front fired, front cleaning, built 
by the Improved Equipment-Russell Engineering Co. The built-in 
producers are hand stoked with coke. The retorts are charged with 
a De Brower charging machine and are discharged by two pushers 
made locally. The charger and pushers are all motor driven with 
220-volt, 3-phase, A.C. motors. The charges average 520 lbs. each 
and the retorts are discharged and charged every eight hours. We 
have three shifts with five men on each shift. Our retort house 
labor averages 95 cents per ton of coal carbonized which, I believe, 
is low and is due to machine operation. 

The coal we carbonize is a mixture consisting of three-fourths 
N.W.I. No. 3 mined in the Roslyn Fields near Cle Elum, Washing- 
ton, and one-fourth Crow’s Nest mined near Fernie, British Colum- 
bia. Both are slack or steam coals. The analysis of the mixture as 
received is as follows: 


NOON uc ..... 2.3 per cent 
Volatile lecscesceeereeeS he? per cent 
Fixed Carbon ........ isda 54.6 per cent 
SE enrevcticielntbties Sieiaphinveadl 11.4 per cent 
ND cies seicsecesineitpnictate .6 per cent 


The coal is received on elevated tracks and dumped into wooden 
bunkers. From the bunkers, it is hoisted to overhead hoppers in the 
retort house by a series of three drag conveyors. From the hoppers, 
the coal runs to the charger scales where it is weighed and then it 
is charged into the retorts. 

The coke that is not used in the producers is dumped into quench- 
ing hoppers, then into dump cars, and hauled to the shaker screen 
or to the storage pile. The shaker screen makes three sizes: Large 
furnace coke, nut coke, and breeze. These run into separate bins 
where it is available for loading into trucks, 


Our yields are as follows: 
RI sissies 6.2 cu. ft. per Ib. of coal 
Tar ........9.5 gallons per ton 
Dobe... 65 per cent or 1,300 lbs. per ton of coal. 


Since the market for our ammonia is a thing of the past, we do 
not attempt to recover the ammonia. The B.t.u. of coal gas is about 
500 when making water gas and 450 when making only coal gas. 
The vacuum carried on the hydraulic main regulates this value. 


The coal gas after leaving the fuel main passes through a foul 
main scrubber just outside the retort house. This consists of a 
vertical section of the foul main in which has been placed a spray 
made up of a length of 1-inch pipe drilled with proper holes. This 
scrubbing system is a closed one. 


Next, the gas passes through the exhauster, a Roots No. 7, then, 
to the primary washer cooler. This is a tower 6 feet in diameter 
filled with layers of small wooden blocks and with seven Steere 
sprays in the top. This is also a closed system. 


The next piece of apparatus is the P and A tar extractor. Steam 
is admitted into the gas just before it passes through the tar ex- 
tractor which raises the temperature of the gas from 80° to 100°F. 
Our experience has shown us that the tar clings to the water vapor 
as it condenses and, as a result, we get a much more efficient re- 
moval of tar. We have plenty of cold, fresh water available so 
that we can cool the gas again readily, which is done in the so- 
called fresh water scrubber. This scrubber is next in line and is 
filled with the conventional scrubber trays. The temperature of the 
gas leaving this scrubber is 60° F. 

The next scrubber is similar to the primary scrubber and is a tall 
tank filled with layers of small wooden blocks. This scrubber is 
furnished with circulating liquor in a closed: system. We get a 
further and almost complete removal of tar at this point. From here, 
the gas goes to the oil bubble scrubber for removal of naphthalene. 
Eighty gallons of fresh 27° Baume oil per million cubic feet of gas 
are supplied to this scrubber. ' 
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Then the gas passes through the coal gas meter which is a Con- 
nersville positive deplacement type with a capacity of 75 M c. f. per 
hour. The meter was placed at this point because of the convenient 
location and readily adaptable fittings. 


Next, we have another oil scrubber wherein spent oil is sprayed 
that has overflowed from the oil bubble scrubber. ‘This scrubber 
has three compartments filled with small blocks of wood and it is 
so arranged that the gas flows upward through each one. ‘This 
scrubber was formerly a fresh water scrubber with rotating grids. 
Complete ammonia removal is accomplished before reaching this 
point. We found that we could do more good by making an oil 
scrubber out of it. The oil is circulated through this scrubber at 
the rate of 30 gallons per minute. Excess oil is removed once daily. 
Then, the gas is ready for the purifying boxes. 

We have two steel purifying boxes with dry seal lids, each hold- 
ing 1,000 bushels of oxide in two layers. We make our own oxide 
using cast iron borings and wood shavings as a carrier for the rust. 
On account of freight rates, it is cheaper for us to make the oxide 
ourselves. Since the coal we use is comparatively low in sulphur, 
it is only necessary to change the oxide in the boxes about every 
eighteen months and the cost per M cubic feet of gas purified is 
.12 of a cent. The valves on the boxes are such that the flow of gas 
can be in any direction desired. Our present arrangement is into 
the top of the box containing the oldest oxide first, out the bottom, 
and then into the top of the second box, and out the bottom. 


From the purifying boxes, the gas goes to the station meter and 
then into the 300 Mc. f. works holder. Our station meter is a Con- 
nersville positive displacement meter with a capacity of 110 M c. f. 
per hour. This measures all the gas made at the plant. 

We have found that, by introducing producer gas into the back 
end of our through retorts, we reduce the amount of naphthalene 
formed. This producer gas passing through the retorts causes the 
coal gas to leave the retorts faster, thus getting it away from the 
high heat which would cause the hydrocarbons to break up. The 
producer gas also helps to cut the B.t.u. and makes a better gas 
than would be made by pulling harder on the retorts. Two thou- 
sand cubic feet of this gas per hour are put through. 

We have a separate producer, made locally, located in one corner 
of the retort house. The gas is scrubbed as it leaves the producer 
and then is pumped into a four inch header along the back of the 
benches. Three-quarter inch pipes lead into the side of each retort 
mouthpiece. 

The specific gravity of our coal gas is .695 and at 450 B.t.u. The 
average generation expense of our coal gas is 26 cents per M c. f. 

The major portion of the gas manufactured here is coal gas, so 
that water gas is made only when the sendout exceeds 975 M c. f. 
This is necessary at least during the six coldest months of the year. 


The sendout gas is 450 B.t.u. and is made up of about 82 per cent 
coal gas and 18 per cent blue gas except when our load increases 
to above 1100 Mc. f. Then the percentage of blue gas is increased 
and, in order to maintain our B.t.u., we carburet it with oil.t 


+ Editor’s Note: See P.C.G.A. Proceedings Vol. 22, 1931, P. 303, for descrip- 
tion of blue gas production at Spokane. 
¥ 


Coke Production and Sales* 


ABSTRACT 


HE principal coke producing companies on the Pacific Coast 
are the British Columbia Electric Power and Gas Co. Ltd., 
the Seattle Gas Co., the Spokane Gas and Fuel Co., and the 
Walla Walla plant of the Northwest Cities Gas Co. The Portland 
Gas and Coke Co. is a large producer of carbon briquettes made 
from the lampblack residual from its oil gas plant. Similar bri- 
quettes were formerly manufactured and sold in Los Angeles, 
Oakland and San Diego. With the exception of Los Angeles, they 
found but little market and their production was discontinued. 
Their sale continued in Los Angeles until the advent of natural 
gas in 1928. In addition to its coke, the Vancouver company also 
produces an ovoid briquette approximately egg size, made from 
coke dust, slack coal and a pitch binder. The Portland company 
has recently made its lampblack briquettes in a similar size and 
shape, and in addition dips them in a solution which eliminates 
dust and decreases the characteristic naphthalene odor. 
The market and competition for gas coke naturally varies with 
local conditions and the prices of competing fuels. Table No. 1 
gives comparable figures from Spokane, Seattle and Vancouver. 


* Committee Report: F. W. Smelts, Chairman, B. C. Electric Power and Gas 
Co,; R. A. Hoffman. Spokane Gas & Fuel Co.; A. Morley Horder, Seattle Gas Co.; 
L. L. La Rose, Northwest Cities Gas Co.; O. R. Marvel, L. A. G. & E. Corp. 
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Advertising and Selling 


All companies find it necessary to do considerable advertising. 
The percentage of total expenditures for 1931 coke advertising in 
available media is shown in Table No. 2. 

In addition to advertising and direct mail, personal solicitation 
is used in some cases through employees and special salesmen. All 
companies offer special summer prices and the majority have special 
prices for employees. It has been found essential to check the 
furnaces of new users to be sure that they receive the proper size 
of coke and to give advice as to correct firing. 


TABLE NO. 1 


Spokane Seattle Vancouver 


Annual Production, tons.. 16,800 36,000 22,000 
Sizes—per cent 


RRR SAR 50 33 52 
 Seak CERO om ET 25 57 25 
MOTI icuiitninenccas 25 10 23 
Ash content—per cent.. 18.7 17.8 15 (briquettes) 
B.t.u. per pound........... .. 11,500 11,000 11,000 
Classified Coke Market— 
per cent 
SESS eee i ee ta 94 95 40 
Employees. ..........--.-...... 2 2 13 
Apartments and bldgs. 1 0.5 20 
atari bee ead 3 y fe 27 


Total Market supplied— 
by—per cent 


SON RIDE a aN ena ote 60 38 
a CESARE ee SR a 27.9 36 
CoO CR oe 8 8 
Petroleum Coke ............ 2 

SARASOTA RE 2 16 
NE Sicecaniabsioees waciaiwapcinocie 0.1 2 


{ 11.50 lump and nut 
Price delivered—average 9.44 11.05 4 10.50 briquette 
9.50 all 


Advertising cost per ton 


SOUTER GG 17 .60 52 
Selling cost per ton— 

ED | rccatintnictnievinnege 2.00 1.10 .60 
Delivery cost per ton— 

gg, ieee italetln ie erates 1.50 2.00 1.3¢ 
Delivery by ‘ contract own trucks own trucks 


Note: The annual production in Walla Walla is approximately 
3,000 tons, and the present selling price is $8 per ton delivered. 


TABLE NO. 2. PER CENT OF COKE ADVERTISING 


BY MEDIA 
Spokane Seattle Vancouver 
POT OIED  eisrstcepn eT erinceec cnn 83 percent 38 percent 30 percent 
I Sr tbicitininrtenins 11 
ROE I eich ie sed sccienins 2 39 20 
CI | sc ecisienees Po SE ae see 4 
50 
mereet Car Corde. 8...:....... a 13 
eae De ee ee 4 6 
100 100 100 
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Sulphur Dioxide and Plant 
Corrosion* 


HAT sulphur dioxide as a product of combustion of sulphur 
compounds in fuel gases is an active corrosive agent in stacks 
and vents, is well known. 

In the past such corrosion has been accepted as a more or less 
necessary evil. There are two reasons for this; first, that the nature 
and magnitude of the sulphur dioxide corrosion was difficult to 
determine as there are other corrosive agents in most stack gases, 
as carbon dioxide, oxygen, and water vapor. In the second place, 
without knowing the nature of the disease 
it is most difficult to effect a cure. 

Any such investigation must consist of a 
survey of the corrosion damage directly at- 
tributable to sulphur dioxide, as distinct from 
that caused by other agencies, and finally 
of a study of methods of corrosion prevention. 

Sulphur dioxide corrosion, of course, could 
be prevented by complete removal of sul- 
phur compounds from the fuel gas. The use 
of suitable corrosion resistant alloys for the 
construction of stacks and vents would prob- 
ably prove very satisfactory. 

Obviously, the method of prevention to be 
used is strictly a matter of economics and 
must be decided as such. 

The problem was then considered under 
the following: 


M. T. Burton, 


Chairman 


1. Survey of the corrosion damage to stacks and vents by the 
products of combustion and more particularly by sulphur dioxide. 


2. Experimental work to determine the maximum permissible 
limit of sulphur concentration which will not produce corrosion. 


3. Study of the available methods of sulphur removal with 
particular attention to the economics of such removal. 


4. Study of the effect of sulphur dioxide in various concentra- 
tions, with and without other corrosive agents, upon the commer- 
cially available alloys suitable for construction of stacks and vents. 


5. Cooperative study with appliance manufacturers to determine 
the cost data if alloys were used. 

This brief outline will serve to show the nature and scope of 
work now in progress and, the Committee hopes, will stimulate 
such criticism and discussion as will aid in the solution of the 
problem. 


1. Due to the fact that few of the gas companies operating on 
the Pacific Coast are serving straight artificial gas, it is difficult 
to obtain conclusive data as to the damage directly attributable 
to SO. corrosion. 


Glen Talbott of Astoria reports many cases of extreme corrosion 
of stacks and vents of house heating systems, ranges, water heaters, 
etc. A specimen of vent piping from a house heating system was 
submitted by Mr. Talbott. This specimen had been in service two 
years with a gas consumption of about 120,000 cubic feet per year. 
The specimen was almost completely destroyed. The corrosion 
products contained sulphur reaction products but we could not 
definitely attribute all of the corrosion to SOxz. 


2. Work not sufficiently progressed to report. 


3. The methods of liquid and oxide purification together with 
a comparison of their costs have been previously presented before 
this Association (Proceedings P.C.G.A., Volume 17, P. 408; Vol. 
18, P. 250). 

According to Mr. Fred Jones of the Pacific Gas and Electric Co. 
the cost of the chemicals used has fallen greatly, which would tend 
to lower the costs of purification. 


4. This section has not been fully completed but the following 
report by J. M. North of the Los Angeles Gas and Electric is of 
interest: 


SULPHUR DIOXIDE AND PLANT CORROSION 


Three samples of alloy steel and one ordinary mild steel were 
tested for resistance to smokestack atmospheres. The special sam- 
ples selected were KAo, or stainless nickel steel, monel metal and 
toncan. These metals were secured in 2/16-inch thickness and cut 
to a uniform size 1 inch by 2 inch with a %-inch hole at one end, 
so as to hang up the sample. 


—— 


* Committee Report: MM. T. Burton, Chairman, So. Calif. Gas Co.; H 
Halstead, San Diego Cons. G. & E. Co.; D. R. Hiskey, So. Calif. Gas Co; 
F. C. Jones, P. G. & E. Co.; J. M. North, L. A. G. & E. Corp.; R. J. Penning, 
Spokane G. & F. Co.: N. Senatoroff, L. A. G. & E. Corp; Glen Talbott 
N. W. Cities Gas Co.; D. Turner, San Diego Cons. G. & E. Co.; C. E. White, 
San Diego Cons. G. & E. Co. 
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The samples were all weighed to the fourth place. One group 
was placed just above the damper in our No. 8 boiler at Ducom- 
mun Street, the other group was placed 10 feet from the top of the 
stack. The samples were placed in a row about 5 inches apart, 
attached to an iron rod. This was then fastened so the samples 
were crossing the center of the stack. 

The test was started October 12, 1931, and stopped May 27, 1932. 
During this period of time the boiler was operated for short periods 
on fuel oil and this time has been recorded. We also recorded the 
stack temperature for the samples just above the damper, but we 
were unable to get temperatures 10 feet from top of stack. The 
boiler did not operate to its fullest capacity for any given time, but 
fluctuated from high to low. However, the boiler operation in 
boiler hours was recorded. 


10 Ft. from 1 Ft. 
Top of Above 
60 Ft. Stack Damper 
Loss in Grams Loss in Grams 
per Sq. Ft. per Sq. Ft. 
Nerosta or KA, Steel............................ 0.0792 0.0826 
Nirosta or KA, Steel............................ 0.0360 0.0576 
acc ctescsgebenne as 0.2304 0.5220 
Monel Metal ............. OF ae Fae ST ae 0.1800 0.1908 
Panda Kock ns <cescensttsnnte centicdaten 0.1872 0.4248 
Toncan Iron as ae Sa 0.2448 .07992 
NN iii 5a cn cmncsainaseaheissosoeiatedinsices 0.2016 Sample Lost 
PI IS Stiiieceweseupinixccstubceaicnetenlong eke 0.2320 Sample Lost 
TIME OF OPERATION IN BOILER HOURS 
October, UIE 5. ik. sce cnluncakaaedicnlicinin Accseeisenchikseees aniline salad neancks 668 Hours 
Ri BG ici sid. caitieetacisnacinncenindindncial eianeiinanieinite 504 Hours 
a IE aii icclitic ciincciiniclipshackonenscdcdbbibcbaaaabins baciannes 450 Hours 
January, | SPE EERE NCR RR oS AL Eee 655 Hours 
PNET: Wei ieiicdnckcensivehissnesainnaceencsncccuhguiigahsinaipiaseatabbinnpinncdangs 600 Hours 
March, Sea cecsictnsdesvacanaciniicsctndeaioacanetians BE Ih ae Ree OD 461 Hours 
April, | ERTS MLR RIL Se Sas! OD 446 Hours 
May, PGi + =ssniisdilsichve<tedilciiatinnivtpecisdiltnainbia eat saioisaies 355 Hours 


fc: of, |} RDM nme RR AIR UE pa kie ees eae ORRS 4,139 Hours 


The stack temperatures varied from an average of 400° F. when 
running low, to about 450° F. when in full operation. 


During the eight months of the test the boiler was heated by oil 
at various times for short runs, giving a total of 56 hours. The 
remainder of the time the boilers were on natural gas. 


The test indicates that when boilers are operating on natural 
gas nearly free from sulphur compounds, the corrosive action of 
flue gases in the smokestack is not severe enough to warrant the 
use of alloy steels. 

Of particular interest are the results of the samples exposed 1 
foot above the damper. It will be noted that, in each case the 
corrosion is greater at this point. This may be attributed to the 
greater activity of the hot gases. 


Furthermore, KA; shows much greater resistance than either 
toncan or monel metal to stack corrosion. 


5. This section will not be completed until further alloy data 
are secured. 


SULPHUR DIOXIDE CORROSION* 


Our work as members of the “Sulphur Dioxide and Plant Cor- 
rosion Committee” was primarily theoretical. It was concerned 
with search for information about corrosive properties of SO. and 
means of combatting it in actual practice on an industrial scale. 
Chemical and technical literature furnished plentiful evidence of 
considerable work done by different investigators and thereby in- 
fluenced the selection of methods of gaining the desired informa- 
tion. Experimental laboratory investigation for yourself involves, 
almost invariably, the danger of wasteful duplication or repetition 
of work that has already been achieved by others, unless the prob- 
lem is so specific that it would warrant the expenditure of the 
necessary time required for its investigation. 


Industrial facilities of the power plants of Los Angeles Gas and 
Electric Corp. were not utilized for plant scale experimentation, 
mainly because they are operating on natural gas almost every day 
in the year and most of the natural gas distributed in our system 
has very little, if any, of the sulphur compounds. Without sulphur 
compounds in the fuel material, the question of sulphur dioxide 
corrosion of plant equipment becomes at best only speculative. The 
above mentioned facts persuaded us to confine our work to com- 


* Submitted by Nicholas Senatoroff, Los Angeles Gas and Electric Corp. 
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pilation of achievements accomplished by more fortunately situated 
investigators. 

Sulphur dioxide as a chemical compound is not a corrosive agent 
intrinsically, for it is well known that liquid sulphur dioxide is 
safely handled in iron cylinders, but in gaseous forms and in the 
presence of moisture, even at ordinary temperatures, it is classed 
among corrosive gases by all the investigators. The presence of 
moisture is essential in all cases. Mr. Vernon (Trans. Faraday 
Society 1931) for example, having previously shown that the cor- 
rosion of copper is due to sulphur dioxide, now finds that copper 
is not attacked appreciably by completely dry air at ordinary tem- 
peratures, even in the presence of as much as 10 per cent sulphur 
dioxide. In the presence of moisture, however, even small concen- 
trations of sulphur dioxide cause a rapid attack. The rate depends 
on the humidity and there is a rapid increase in the rate between 
63 and 75 per cent relative humidity. 

The same emphasis is placed on the necessary presence of mois- 
ture in the corrosion of power plant equipment by flue gases, where 
sulphur dioxide is an active agent. Johnstone (Ibid. Bull. 1931) 
has proved that the dew point of gases containing sulphur dioxide 
and water vapor is considerably above that of gases containing 
water vapor alone and he has devised an ingenious dew-point 
apparatus which is dependent on the very same phenomenon as is 
corrosion, the formation of an electrically conducting film. 


Corrosive properties of sulphur dioxide are also governed by 
the temperature. A metal exposed to a gas for which it has any 
affinity will soon become covered with a molecular layer of the 
compounds, but in order for action to proceed farther, the gas 
must penetrate to lower layers. This diffusion is very slow at 
ordinary temperatures, but at elevated temperatures it increases, 
resulting in concentration of oxide or sulphates inclusions at the 
grain boundaries and attack may lead to fissures between adja- 
cent grains, or “intergranular embrittlement.” 


Since moisture and temperature are the governing factors in 
sulphur dioxide corrosion and are also the basic factors of most 
of the manufacturing processes, the question of corrosion preven- 
tion work on plant equipment would be in a hopeless condition, 
were it not for the remarkable advancement made by metallurgists 
in the field of alloy steels. 

Prior to this decade no one imagined that steel might be used to 
replace porcelain, earthenware, lead and other metals for applica- 
tion involving extreme conditions of corrosion. Investigations which 
brought this about were centered around the research of C. M. 
Johnson of the Crucible Steel Co. of America in the development 
of austenitic chromium-nickel steels. On the market they are sold 
under the name of stainless steels, comprising such a variation in 
composition that it would be better for our purpose to confine our 
selections to specifically termed: “non-corrosive steels” or “corro- 
sion resistant steels.” The latter term is still better, because it 
indicates a degree of resistance and we are usually dealing with 
relative corrosion and not with perfect resistance. The rate of 
attack may be from one hundred to many thousand times less than 
that of ordinary steel; nevertheless, we cannot honestly say that 
the material is non-corrosive, or the more so stainless. 

The selection of resistant alloys for handling moist corrosive 
gases is, in general dictated by the same considerations as govern 
selection for resistance to the same agents in aqueous solution. 
Particular attention should be called to a valuable compilation, 
now available as a separate re-print, entitled “Tables of Chemical 
Compositions, Physical and Mechanical Properties and Corrosion- 
Resistant Alloys,” by American Society Testing Materials (Proc. 
Am. Soc. Testing Materials, 1930). With information on hand 
concerning materials recommended for resistance to corrosion, the 
whole problem of Sulphur Dioxide Plant Corrosion resolves into 
an economic problem rather than research investigation. Such 
factors as the price of equipment, its life under specific conditions, 
facilities for replacement, etc., will outweigh considerations of a 
purely scientific nature and will to a considerable degree influence 
the selection of the material most suitable for the part of the plant 
equipment. 


PLANT CORROSION 


Fred Jones, Pacific Gas and Electric Co., reports the following 
observation of the corrosive action of the various chemicals used 
in gas purification: 

Sodium carbonate, in solution, has little if any corrosive effect 
upon steel. 

Nickel sulphate solution has a slow corrosive action. 

Sodium thiosulphate corrodes steel very seriously. 

The sulphur recovered from liquid purification, containing as it 
does the reaction products of the process, rapidly corrodes steel, to 
its complete disappearance. 

These tests were made upon steel turnings immersed in the vari- 
ous solutions, during a period of three months. 


August, 1932 


Mr. Talbott reports an interesting case of stack corrosion in the 
boiler stack of an oil gas plant at Astoria. 

The stack will be completely penetrated in two years or less 
with the formation of corrosion deposits on the outside of the 
stack. 

The corrosion is attributed to the formation of sulphurous acid 
from the sulphur compounds in the tar and lampblack which is 
burned under the boilers. 

The fact that the lampblack is very wet would make the condi- 
tion more serious. The corrosion of the stack below the roof, 
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where condensation does not take place as readily as the portion 
above the roof is much less severe. 

Severe internal corrosion in the form of holes through the wall 
was experienced by the Southern California Gas Co. in stand-by 
purifying boxes. 

The corrosion was especially severe near the bottoms of the 
boxes, where moisture collected with the formation of sulphurous 
acid. 3 

-As a mitigation measure the oxide was removed and after the 
thorough cleaning the walls were coated with a coal tar enamel. 


Pipe Protection* 


OST of this report is made up of papers written by indi- 
M vidual committee members upon subjects of which they 

have made a thorough study. Some of the subjects are 
new; others are a continuation of studies started last year. Wher- 
ever possible, we have attempted to “tie in” the data presented 
with previous reports. For a general discussion of this subject see 
the Pipe Protection Committee Report for 1931. 


Ground Moisture Survey of a 
Distribution Area 


This subject is covered in a paper of the 
above title by O. L. Wrestler, p. 540, 
P.C.G.A. Proceedings, 1931. The study was 
continued this year in the Los Angeles area. 
Although the rainfall during the wet season, 
December to April, for this year has been 
three-fifths greater than for 1930-31, the 
average moisture in the ground at pipe 
depth is only one-fifth greater for the wet 
season and only a one-fifteenth higher aver- 
age for the 12 months. The committee 
planned to extend this study over the whole 
Pacific Coast, but insufficient data have come 
in to make a report. 


O. L. Wrestler 
Chairman 


chairman, L. A. G. & E. Corp.; A. B. 
Allyne, So. Counties Gas Co.; L. L. Biggs, So. Cal. Gas Co.; M. T. Burton, So. 
Cal. Gas Co.; C. P. deJonge, San Diego Consolidated Gas & Elect. Co.; A. W. 
Flippin, Pacific Gas & Elect. Co.;: Chris Goldcamp, San Diego Consolidated Gas & 
Elect. Co.; L. Hall, B. C. Elect. Power & Gas Co.: D. A. Hiskey, So. Cal. 
Pacific Gas & Elect. Co.; G. A. Stuart, Seattle Gas 
L. A. Gas & Elect. Corp.; B. A. Williamson, L. Gas & 


*Committee Report: O. L. Wrestler, 


Gas Co.; W. R. Schneider, 
o.; 


Elect. 


R. C. Terradell, 
Corp. 
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Correlation of Soil Testing Methods 

Three different methods for making soil surveys of distribution 
areas are extensively used by Pacific Coast gas companies. The 
Nipple and Can method is described by Guy Corfield, Los Angeles 
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Gas and Electric Corp., in the March, 1930 issue of Western Gas, 
in a paper entitled “Running a Soil Survey of a Large Distribution 
Area.” The second method is identical, except that a 2-volt poten- 
tial difference is used insead of 6 volts. Fig. 1 (Pg. 73) shows the 
relationship between the results by these two methods. The third 
method, determining soil resistances with Shepard Canes and resis- 
tivity meter, is described in an article by A. B. Allyne, Southern 
Counties Gas Co., p. 527, P.C.G.A. Proceedings, 1931. A series of 
tests was made using this method and the 6-volt Nipple and Can 
method in an attempt to correlate them. When the results were 
plotted, a “shotgun” pattern results. The Shepard Rod method was 
then changed in one respect, i.e., approximately % pint of water 
was added to each hole just before the resistance was determined. 
When these results were plotted against the 6-volt Nipple and Can 
results on the same soils, the correlation was fairly good, as shown 
on the curve Fig. 2 (Pg. 73). 


CORROSION MITIGATION ON GAS LINE OF 
PACIFIC GAS AND ELECTRIC COMPANY* 


HE following is a description of a system developed by the 

Bureau of Tests and Inspection of the Pacific Gas and Elec- 

tric Co. and used by the gas department to eliminate corrosion 
on the natural gas lines. 


Reclaimed tide lands, crossings under salt water sloughs and 
especially neighboring electric railway stations have caused con- 
siderable trouble due to the discharge of long line currents and stray 
railway currents. 


Locations, such as that of the San Francisco Airport, at which 
the pipes are alternately exposed to air and salt water have greater 
corrosive action on steel than that due to the action of the soil only. 


Where tests have shown the pipes to be discharging current in 
excess of one milliampere per square foot of surface, cleaned and 
weighed steel plates or corrosion coupons are connected to the pipe 
and buried close to it as shown schematically in Fig. 1. The 
coupons are made of the same stock that was used by the manu- 
facturers in the construction of the pipe. The plates, each 3 feet 
x 6 inches x % inch, are numbered and fastened to the cable with 
iron bolts to facilitate the work of removing and replacing them 
at stated intervals. The plates are cleaned after exposure by mak- 
ing them the cathode in a 2 per cent solution of sulphuric acid. 


The cable is soldered to the top of the pipe and all exposed solder, 
copper, and bolts are given a coat of asphalt. In Fig. 1, coupon 
A is subjected to the corrosive action of the soil or self-corrosion 
long line currents and stray currents, whereas coupon B, called the 
control coupon, is subjected to self corrosion only. 


The corrosion of these test plates shows what is taking place at 
all exposed parts of the pipes or at points at which the pipe insula- 
tion has been penetrated by water. Tests have shown that the 
discharge from the pipe is not affected by the presence of these 
plates. Large plates, having an area of three square feet, did not 
noticeably alter the current discharged from the corrosion coupons 
when they were connected in the same way as the corrosion plates. 


At the San Francisco Airport, south of the city, six miles of the 
20-inch line were discharging both stray currents, to the Millbrae 
Substation in that vicinity, and long line galvanic currents. The 
corrosion plates installed on this line before mitigation measures 
were applied lost 6 per cent of their weight in 11 days while the 
control coupons lost at the rate of 6 per cent per year. 


*Submitted by W. R. Schneider, Pacific Gas and Electric Co. 


Fig. 1. 


WESTERN GAS 


The method of removing the stray and long line currents from 
the line are shown schematically in Fig. 2 in which “A” is the 
pipe to be drained and protected, “B” is an auxiliary electrode or 
“pilot pipe’ and “C” is a direct current booster, drawing the cur- 
rent from “A” and causing it to discharge from “B.” 


When adjusting the booster “C,” a McCollum earth current 
meter electrode is placed on the soil adjacent to pipe “A.” As the 
voltage of the booster is increased, the McCollum meter will show 
that the current discharging from the pipe is decreased. When soil 
current reaches a zero value, all of the current D discharged from 
“B” will return to the railway station or some distant point on 
the pipe without deteriorating the line “A.” Self corrosion will, 
however, still be active. To overcome this, the output of the 
booster is increased still further. The excess current “E” dis- 
charged from “B” will now return to the surface of the pipe “A” 
and give what is usually known as “cathodic protection.” 


Two installations of this type were installed to protect the six 
miles of 20-inch pipe at Mills Field or San Francisco Airport with 
the results as shown graphically in Fig. 3. Before the application 
of the drainage system, the pipe was discharging as high as 100 
milliamperes per sq. ft. of pipe surface whereas at this same loca- 
tion, the pipe is now gaining current at the rate of 40 milliamperes 
per sq. ft. 


The corrosion plates which are still maintained on the line have, 
since the installation of the mitigation equipment, shown only the 
usual 6 per cent per year loss on the control coupon and no loss 
whatever on the pipe coupons. When removed and washed, the 
latter are as clean and bright as when installed. 


The auxiliary electrode or pilot pipes consist of 200 ft. of 8-inch 
cast iron reclaimed pipe, laid about 400 ft. from the 20-inch main. 
The area of this pipe was arbitrarily chosen to give a current 
density of 100 milliamperes per square foot of pipe surface. This 
low density was selected for two reasons; first to give a low 
resistance ground and second to avoid the drying out of the soil 
adjacent to the pipe by the current discharged. 


The pipes are laid at a depth that will insure moist ground 
throughout the year and are of sufficient weight to give a life of 
15 or more years before they must be replaced. 


The connection to the pipe is made by placing a rubber covered 
cable parallel to it and brazing it to the pipe at 10 or 15 foot 
intervals. All exposed copper is covered with insulating paint and 
wrapping. Fig. 4 shows the pilot pipe installed at the Napa River 
crossing at the north end of the San Francisco Bay. 


The boosters used at these locations are copper oxide rectifiers 
having a continuous capacity of 40 amperes at 10 volts. This type 
was chosen as it would require the minimum amount of attention 
or servicing. ‘The arrangement of the various elements, as de- 
signed at the Bureau of Tests and Inspection, is shown in Fig. 5. 
A 220-volt to 40-volt transformer, having steps of one volt each 
on the secondary, is used to supply the power to the rectifying 
elements. The current is carried from the main gas line to the 
pilot pipe over a 4/0 B & S gage copper cable. 

A small fan is located in the base of these cabinets to insure a 
circulation of sufficient air during the hot weather which keeps the 
copper oxide elements at a safe operating temperature. As an 
additional safeguard, a thermostat is located near the top of each 
cabinet to open the primary circuit of the supply transformer in 
case the fan fails to operate. 

The metal case containing the rectifiers is placed in a wooden 
housing of Louvre construction to prevent heating due to the direct 
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action of the sun. Each rectifier draws approximately 400 watts 
from the 220 volt A.C. circuit and delivers 30 amperes at 2% 
volts to the pipes. Thus, with a total expenditure of 800 watts of 
A.C. power, or 150 watts of direct current, six miles of 20-inch 
steel main are safeguarded against all corrosion. 

When using an installation of this kind, it is important that all 
high resistance or insulating joints are well bonded. Otherwise 
current that is caused to flow over the pipe will soon cause corro- 


Fig. 3. 


sion on the positive side of the joint. 

Installations of this type can be used wherever power is available 
for operating the booster and wherever the electrolysis survey 
shows the pipes are discharging an excessive amount of current. 


The corrosion coupons placed on a pipe line will give the neces- 
sary information, by their loss of weight and the depth of pitting, 
to determine the economic feasibility of installing the equipment 
of that type. 
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PACIFIC COAST GAS COMPANIES’ ELEC- 
TROLYSIS PRACTICES* 


Pacific Coast gas companies. An examination of the replies 
leads us to form the following general conclusions, viz: 


1. The companies which maintain full-time or even half-time 
electrolysis engineering departments are in the minority. 


2. It is these companies that are following good engineering 
practices and are cooperating with other public utilities as regards 


to their common electrolysis problems. 


3. All the companies have their electroylsis problems and to 
ignore a problem neither eliminates it nor solves it. 


It is the purpose of this paper to state these problems and to 
offer suggestions for their solutions. Space limitations forbid a 
lengthy technical discussion of the several points. This may be 
had in the excellent technological bulletins of the Bureau of Stan- 
dards and in other engineering literature. It is our desire to prove, 
if possible, that certain important electrolysis problems which are 
worthy of consideration do exist, rather than to discuss at length 
the causes, nature and mitigation of electrolysis. 


Electrical drainage of railway leakage currents has been gen- 
erally accepted from the earlier days of street car operation as a 
panacea for all electrolysis ills). This drainage was accomplished 
by installing a heavy, continuous copper wire from the under- 
ground metallic structures to either the substation negative buss 
or the adjacent electric railway tracks. Sometimes this would be 
done by one public utility company without giving due aotice to 
the other companies whose pipe lines and lead sheathed cables 
almost certainly would be injured. After these bonds had been 
installed, they were often promptly forgotten under the false 
assumption that the electrolysis problem was solved for once and 
all time. 

This type of bond gives what is now called unlimited or com- 
petitive electrical drainage. It is unlimited because the low re- 
sistance of these bonds by greatly decreasing the resistance of the 
leakage circuit almost doubles the flow of vagrant current. It is 
called competitive drainage because it would seem that the com- 
pany that resorts to it seeks to drain its structures to a lower 
potential than those of its neighbors. These bonds improved 
the electrolysis situation 30 years ago; but today they are obsolete 
and should be reconstructed to provide limited or graded electrical 
drainage, as we shall now attempt to prove. 

Unlimited drainage is not desirable because the excessive current 
produces additional electrolysis to the rails in the negative zones, 
incre:.ses the hazards of gas explosions and fires, intensifies pipe 
joint electrolysis and: causes greater potential drops in the several 
underground conductors. It is obvious that to increase the poten- 
tial drops which exist upon adjacent underground conductors means 
a corresponding increase in the potential differences between them, 
together with the attending increase of electrolysis on the positive 
conductors. 

It is desirable, therefore, to limit the drainage current to that 
intensity which is required to reduce the potential of the under- 
ground structures to, or slightly below, that of the earth. This 
prevents electrolysis in the substation positive zone and reduces 
the above mentioned hazards of unlimited drainage. In order to 
be able to restrict the drainage current to the prescribed intensity, 
provision should be made for the insertions of a variable resistance 
grid and an ammeter shunt for current measurements. 


The grading of electrical drainage bond installations is effected 
by adjusting the current in each bond so that all the underground 
pipes and cables shall not only be reduced to a zero or earth poten- 
tial, or slightly less, but also to a common level at some one or more 
selected points so far as it may be possible. Since lead cable 
sheathes have thinner walls and are more susceptible to electroly- 
sis than are iron pipes it is usual for cooperating public utility 
companies to favor them slightly at the expense of the pipes. This 
is done by draining them to slightly lower potentials. 


Recording 24-hour charts should be made occasionally of the 
current on the drainage bonds and of the voltages existing between 
the drained gas pipes and the rails, other metallic structures, and 
the earth. This permits new adjustments being made as variable 
electric railway load conditions and new underground construction 
requires. 

If these charts were to be taken by some of the Pacific Coast 
gas companies they would doubtless discover that for a number 
of the substation drainage installations that it would be highly 
desirable to install automatic switches to prevent flooding of their 
underground structures. This condition occurs when the pipe to 
rail potential reverses due to the substation being lightly loaded, or 
shut down, during nights, Sundays, holidays and periods of repairs 


>: questionnaire, covering 14 points, was addressed to the 


*Submitted by B. A. Williamson, Los Angeles Gas and Electric Corp. 


WESTERN GAS 


. Ge 2 a4 . 

Sid ? / A REMARKS oa 
; : ; 
SS é 


- —- MAK ; pe 


CH NO, 
PUNTED U.S A. 
: Bin yi mn Vead, er 
Ria enrages 


Fig. 2. 


and cleanings. It is quite possible for a drainage bond to do almost 
as much harm to the pipes by flooding them during this time, if it 
is not provided with an automatic switch, as it does good by drain- 
ing them during normal operation. 

The two charts (Figs. 1 and 2) will serve to demonstrate this 
statement. Fig. 1 shows the severe flooding of the pipe lines which 
occurred when the substation was shut down at night and Fig. 2 
shows that during this time the underground pipes were suffering 
electrolysis by reason of their being quite positive in potential to 
the earth. These charts were obtained by blocking the automatic 
switch to prevent its operation when the potential reversed. 

The presence of even a limited electric railway or other leakage 
current on pipe lines requires that precautions be taken to prevent 
possible electrical ignition of the gas when the lines are being 
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extended or repaired. The practice of the San Diego Consolidated 
Gas and Electric Co. for the installation of electrical jumpers for 
current carrying gas mains is given by the following quotation 
and Fig. 3 taken from their reply to the questionnaire. 


“In most cities of today the earth is more or less saturated with 
direct and alternating currents. The sources of these currents are 
from the grounded return network of street railway systems and 
the grounding of alternating current light and power systems. In 
a condition of this nature where there are other metallic structures 
(such as piping and cables) buried in the subsurface of the earth, 
these structures will, due to their exceedingly lower resistances than 
the earth per cross-section, pick up and carry a larger portion of 
these currents. This is particularly evident where the electrical 
conductors are directly grounded to water systems at some points 
and thereby are indirectly bonded to gas piping through water 
heaters etc. An example of this is where one leg of electric light 
and power secondaries are grounded to water pipe at service on 
consumers’ premises. ‘These pipes will then act as parallel circuits 
to what is commonly known as the grounded side of the electric 
circuit. 


“From the foregoing it follows that the severing of a gas main 
is a hazardous operation and some precautionary measure should 
be taken before the cutting is begun. The low resistance copper 
jumper around the point to be cut serves the purpose of preventing 
sparking and the consequent ignition and explosion of gas. The 
following diagram illustrates such jumper as used by this company 
successfully. (See Fig. 3.) 


“The main elements of this device consist of a flexible bonding 
strip ‘A’ constructed of ‘Belden Chase’ (fine stranded woven copper 
ribbon) which can be laced around the pipe on each side of con- 
templated cut, an oblong brass slip ring ‘B’ to which one end of 
‘Belden Chase’ is soldered, making it possible to lace ribbon around 
pipe tightly; also a flexible copper connecting wire ‘C’ made of 
arc welding cable placed so that it will not interfere with the 
work of cutting the pipe. In the application of this method, care 
must be taken that iron pipe is perfectly cleaned down to base 
metal where ribbon is attached to insure good contact, and the 
lowest possible resistance obtainable by a mechanical bond. 


“It will be found that with this method the contact resistance 
will be much less than the average rigid clamp due to the greater 
electrical contact surface per unit of area made possible by the 
flexibility of copper ribbon. Another advantage is its adaptability 
to the purpose, one outfit being suitable for jumping numerous 
sizes of pipe.” 

Reference has been made to the fact that limited electrical drain- 
age causes less pipe joint electrolysis than that occasioned by a 
larger current which is induced by unlimited drainage. It appears 
that the average gas company in constructing new pipe lines installs 
occasional high resistance pipe joints without any consideration 
whatever being given to the facts that these joints may interfere 
with the electrical drainage or that electrical drainage may destroy 
these joints. If all the joints in a pipe line were of high electrical 
resistance they would prevent all electrolysis, providing the pipe 
line was not inter-connected through services with another pipe 
line, having electrical conductivity. 


An occasional high resistance pipe joint is undesirable, because 
of its location with respect to railway substations and tracks, par- 
ticularly if the pipe line will be used as an underground conductor 
of considerable direct current. In this case permanent “jumpers” 
should be installed to bridge the current past the high resistance 
joints. In this connection it is the practice of the San Diego Con- 
solidated Gas and Electric Co. to install “a stranded insulated 
(preferably rubber covered) copper wire jumper, size 250,000 
circular mills, around a 10-inch Dresser coupling by brazing the 
ends to the pipe in such a manner as to give considerable contact 
area between the wire and the pipe. It is very necessary that this 
contact resistance be of very low value due to the low voltages in- 
volved. Care must be taken in brazing the pipe to make contact 
with the pipe at a distance far enough from the gaskets in the 
joint to prevent their injury by heating and to make the jumper 
long enough to give freedom around joint.” 

The Los Angeles Gas and Electric Corp., prefers to weld iron 
jumpers made of heavy straps or rods. This probably does not 
afford equal electrical conductivity but it eliminates the possibility 
of galvanic corrosion of the pipe due to the presence of the foreign 
metals of brass in the brazed joint and the copper in the bonding 
wire. 

One of the mentioned disadvantages of unlimited drainage was 
the increased potential drop produced by the heavier current on 
the various underground electrical conductors. Notwithstanding 
that these structures can be graded to the same potential at some 
point near the substation, it will be found that there will be poten- 
tial differences between them at more remote points and that this 
potential difference will of course vary directly in proportion to 
the current intensity. This potential difference existing between 
isolated pipe lines and lead cable sheaths and the inter-connected 
distribution networks of gas and water systems is due to differences 


in their currents and to their resistances. In the case of water and 
gas distribution mains the potential differences are prevented by 
their inter-connected service pipes. 

Transmission pipe lines are usually in metallic isolation as regards 
to other structures such as distribution network systems. Hence 
there may exist between gas transmission pipe lines and distribution 
systems, oil lines, cable sheaths, etc., potential differences sufficient 
to cause serious corrosion to either one or the other. These poten- 
tial differences can be detected in no way except by voltmeter tests 
or by untimely pipe failures. Since natural gas transmission lines 
have no service and drip pot risers, it is practically impossible to 
make these voltmeter tests unless excavations are made. Judging 
from the replies to our questionnaire, it appears only a very few 
of our companies have even considered the question of installing 
voltmeter contacts to these most important units in their underground 
systems. 

Since electric railways, steam railroads, electric light and power 
companies and other companies make frequent inspections of their 
more important lines and since pipe transmission lines are equally 
subject to deterioration and less open to inspection under the most 
favorable circumstances, it would seem that forward looking gas 
pipe engineers should provide these inexpensive voltmeter contacts 
which would make possible electrolysis surveys of dangerous cur- 
rents and potentials. It is just possible that in the future costly 
interruptions in service at inopportune times, caused by breakdown 


. in transmission lines, will bear out our contention that provisions 


should be made for occasional electrolysis surveys. 


In our questionnaire one question had to do with the possibility 
of corrosion being caused in iron pipes by the galvanic current 
due to the foreign metals of copper, brass and bronze used in their 
fabrication. It would appear from the replies that only one 
company is concerned in any degree at all about this possibility. 
This does not conform to the view point of the gas distribution 
department of the Los Angeles Gas and Electric Corp. It is our 
understanding that corrosion engineers of the Bureau of Standards, 
Washington, D. C. have defined heavy electrolysis as that which is 
produced by a discharge from pipe to soil of a current having an 
intensity of three milli-amperes, or more, per square foot of pipe 
surface. We have found experimentally that the discharge of gal- 
vanic current from an iron electrode to a copper electrode buried 
in a low resistance soil may be as much as 30 milli-amperes per 
square foot of surface. For this reason the use of brass in brazing 
and pipe fittings, copper services, etc. in low resistance soils is 
avoided wherever it is possible. It is our belief, that if other com- 
panies have not noticed any unusual corrosion adjacent to brazed 
joints and brass fittings, as they have reported, it has been due 
probably either to high resistance soils or to the relatively small 
surfaces of the foreign metals, or to both. 


It would not be difficult to cite familiar examples of galvanic 
corrosion in other classes of metallic structures. For instance, there 
is the obsolete sanitary flush tank with the zinc lining which would 
be destroyed in a few years from the galvanic current that was 
caused by the copper ball float. The plumbers now line these tanks 
with sheet copper. Pole line engineers in Los Angeles have recently 
discovered that aluminum tags, fastened to poles with brass nails, 
will not stay. Dew and dirt will form a sufficiently good electro- 
lyte to permit a primary battery action with the result that the 
aluminum is destroyed at the surface of contact with the nail head. 

In a recent Research Paper, No. 298, “Pipe Line Currents and 
Soil Resistivity as Indicators of Local Corrosive Soil Areas” of 
the U. S. Department of Commerce, E. R. Shepard, Bureau of 
Standards, enumerates and discusses the following four possible 
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sources of electromotive force by which ga'vanic currents on pipe 
lines are generated. 


1. “Potential differences between bright iron and mill scale.” 


2. “Potential differences between different points on the pipe due 
to strains, inequalities, impurities, etc., usually of the order of milli- 
volts.” 


3. “Potential differences between different kinds of pipe or 
between new and old pipe.” 


4. “Potential differences resu!ting from soil differences.” 


It is a perfectly safe statement that not one of these four cited 
galvanic potentials will equal in intensity the galvanic voltage ex- 
isting between the dissimilar metals of iron, copper, brass, etc., that 
are now commonly fabricated into underground pipe lines. This 
conclusion reverts to our original statement that all companies have 
their electrolysis problems and to overlook or ignore them neither 
eliminates nor solves them. 


METHODS OF TESTING PIPE PROTECTIVE 
MATERIALS* 


PERMEABILITY TO MOISTURE 


HE discharge of an electric current, usually very small, from 

the pipe to the soil is the primary cause of deterioraticn of 

the pipe. A protective coating then, to be effective must act 
as an insulator. Since salt laden water is a good electrical con- 
ductor, the ideal protective material will resist the absorption of 
soil water completely. The Los Angeles Gas and Electric Corp. 
has been testing the various materials used for pipe coatings for 
their relative resistance to water absorption for three years. For 
the original discussion of this subject, refer to p. 512, P.G.C.A. 
Proceedings, 1930. At the time this report was written we were 
reporting results as “Percent Water Absorbed”; increase in weight 
after a given period of immersion in water was divided by the 
original weight of the coating and the quotient was multiplied by 
100, i. e. 


*Submitted by O. L. Wrestler, Los Angeles Gas and Electric Corp. 
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Weight of Absorbed Water X 100 


Weight of Coating Before Immersion 


This is not a true comparison between two coating materials for 
two reasons: First, if one coating material under test is thicker 
than another; or, second, if one coating has a higher specific gravity 
than another, the weight per unit of exposed surface will be differ- 
ent. Since the basic principle of our test is absorption of water per 
unit area of surface, it is more desirable to eliminate the weight 
factor and re-calculate all results on a new basis—grams water 
absorbed per 1 sq. ft. surface. To show the manner in which 
relative results are changed by the new method, let us take an 
example. Hot compound “A” is an asphalt without filler. Hot 
compound “E” is a coal tar with 50 per cent filler. Both have been 
immersed 540 days. 


Old Method 
“A”"—3.6%; “E”—0.36%; ratio “A” to “E’—10.0. 


New Method 
“A”—8.1 grams; “E’—1.3 grams; ratio “A” to “E”—6.2. 


Area Factor 
The test will be based on the grams of water absorbed by one 

square foot of surface. Therefore, to bring all plates to this basis, 
it will be necessary to correct data from plates not completely 
covered, by a factor that will never be less than unity. To obtain 
this factor, estimate the area of the uncovered portion of the plate 
as accurately as possible. The following equation in which Y is 
area of uncovered portion of a plate 2 inches square, shows method 
of calculation. 

4 

Area Factor = ——— X 36 

4~—Y 

Results of Tests 


Graphs with the original discussion of this subject show typical 
results presented according to the o/d method of calculating for 
hot compounds and emulsified asphalts. Fig. 1 shows the results 
for three wrappers according to the new method. 

We have also tested combinations of hot compounds and wrappers 
on short copper nipples. If the hot compounds completely cover 
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Fig. 1. 
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Fig. 2. 


Fig. 3. 


the wrappers the amount of water absorbed is the same as for the 
hot compounds alone. However, if any wrapper is exposed (as it 
might be in practice by faulty application or by the action of soil 
stress) the amount of water absorbed is greatly increased. 


RESISTANCE TO SOIL STRESS 


By Soil Stress is meant the physical forces present around a pipe 
buried in the ground which tend to distort, shear, or puncture the 
protective coating. 


Wrappers are usually used in connection with hot compounds, 
among other reasons, to protect the coating against soil stress. The 
use of the wrappers is an added expense. Another objection to the 
use of wrappers is that unless the wrapper itself is covered with 
a hot compound that is highly resistant to soil stress, the coating 
may crack through to the wrapper, which in turn will absorb 
relatively large quantities of soil water, thus reducing the insulating 
properties of the pipe coating by leaving only the first or inner 
coating to keep the water away from the pipe. An ideal hot com- 
pound would resist soil stress without reinforcement. The Los 
Angeles Gas and Electric Corp. has made a preliminary study of 


Fig. 3. (Continued). 


Fig. 3. (Continued). 


the relative resistance to soil stress by protective materials and the 
relative amount of stress of various soils. 


Method of Test 


Wooden boxes 3 inches deep, 5 inches wide, and 12 inches long, 
waterproofed on the inside with emulsified asphalt are half-filled 
with soil which is mixed with an excess of water. Two 44-inch 
nipples 10 inches long are half embedded in this and then the box 
is filled with the mud. The boxes are then placed in a location 
where the temperature is approximately equal to ground tempera- 
ture. A deep concrete lined pump well is used in this instance. 
Twenty-one and 42 days later water is added so as to thoroughly 
wet the soil again. On the 63rd day the soil is removed by soaking 
in water and a record is made of the condition of the coating. By 
using the same kind of soil (one with high soil stress and different 
coating materials it is possible to determine the relative resistances 
to soil stress of the various coatings. If a standard coating ma- 
terial is used with various soils it is possible to make a survey of 
an area for soil stress. It is possible to arrange coatings in order, 
according to their relative resistance to soil stress, and to arrange 
soils in order according to the amount of soil stress they exhibit. 
Unfortunately no more definite way is possible. 
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Results of Tests 


In order to find a soil which has high soil stress, a two weeks’ test 
was made using three different clay soils, and nipples coated with 
hot unfilled asphalt only. The results of these tests are shown in 
Fig. 2. All tests were made in duplicate. Soil “Z” was chosen for 
the regular tests which were made as described above. Fig. 3 
shows the results of these tests. 


A Asphalt with approximately 45 per cent filler. (It is rough 
when applied)—no wrapper. 
Very little evidence of distortion. 
B Coal Tar with approximately 45 per cent filler—no wrapper. 
Very shallow depressions 4% inches wide. 
C Another Coal Tar with approximately 45 per cent filler—no 
wrapper. Ridges % inch high and % inch across at base, 
D Asphalt without filler—no wrapper. 
Cracked through to pipe. 
E Same as “B” except over an asbestos wrapper. 
Coating pulled off of wrapper. Wrapper O. K. 
F Same as “C” except over an asbestos wrapper. 
Distorted somewhat less than “C.” 
H, I and J—Same coating as “D’”’ with asbestos, rag felt, Osna- 
berg and net (44-inch mesh tar impregnated fish net) wrap- 
pers, respectively. 
They are all cracked through to wrapper only, except “J”, 
which is cracked through to pipe. 


As stated above, these are only preliminary tests. No attempt 
has been made to correlate results with field observations. We 
hope to receive criticism of the method. 


~~ 
“id 


FIELD PRACTICE IN UNDERGROUND PIPE 
INSPECTIONS* 


NDERGROUND pipe inspection practice draws exhaustively 
on the sum total of our knowledge of metallic sub-soil corro- 
sion, its causes and mitigation. This knowledge, properly 
applied, answers the question: Under what circumstances are 
underground pipe inspections made? 
There are four major conditions which necessitate these inspec- 
tions, if good practice is observed. 


1. Reported excessive leakage. 

2. Reported poor condition. 

3. Old age installations in highly corrosive soil areas. - 
4. Street improvement. 


When a leakage survey is instituted, the inspector’s first duty is 
to ascertain the location, sizes, types and lay dates of all pipe in- 
volved within the proposed survey limits. Service locations having 
been secured, bar. holes are driven at service tie-ins at the main, 
and over services back of curb to pipe depth in every case. Radio 
pipe locators are used profitably in this work, and at the same 
time serve as an aid in checking official records. The presence or 
absence of gas may be ascertained by placing a diffusion type leak 
detector (1) snugly over the prospect hole long enough for a 
possible accumulation of gas to occur. Another method is to insert 
a hollow probe in the bar hole and by means of a connected rubber 
tubing and bulb, aspirate the gaseous content into a hot filament 
type instrument (2) While the latter means expedites the work of 
leak detection, because of high sensitivity and speedy registration, 
the former has been found more satisfactory when determining 
which locations will be chosen for repairs. 


A special adaptation of the hot filament leak detector is now used 
successfully in Los Angeles, California. This consists of housing 
the filament head in an open end cylinder and placing it over the 
hole to be tested. A ring of heavy felt seals any spaces which 
might otherwise exist between the ground surface and the cylinder’s 
lip. When maximum instrument registration has been reached, the 
time is noted, giving the observer an excellent conception of rela- 
tive gas concentrations and hazards. This method may be substi- 
tuted to equal advantage for the straight diffusion type instrument, 
and the results of both readily correlated. Where this special adap- 
tation is not made, the use of the faster and more sensitive aspirat- 
ing method should be employed jointly with the diffusion instru- 
ments, since leakage is immediately detected, if present, at which 
point the slower check is made. In general, while the majority of 
bar holes are found to be gas free, the survey is obviously simpli- 
fied and facilitated. 

Old standard bell and spigot cast iron mains are prospected in 
this manner every twelve feet between services to determine pos- 
sible bell leakage. Similarly, other classes and makes of cast iron 


*Submitted by R. C. Terradell, Los Angeles Gas & Electric Corp. 
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lines, together with screw steel or wrought iron mains are pros- 
pected at close enough intervals to insure a thorough check of all 
joints. Where it is definitely known that the line is made up with 
brazed or welded joints, the necessity for arbitrary prospect inter- 
vals between service tie-ins is largely a matter of individual judg- 
ment. On this type of survey, manholes, vaults, storm drains, catch 
basins, valve casings and curb boxes are also checked for possible 
gas accumulations. 

Excavations over the leaks gives the inspector an excellent oppor- 
tunity to search for potential points of pipe line failure, and in the 
event a doubtful condition of pipe warrants, additional inspections 
may be made accordingly. If the leaks are of insufficient number, 
or not generally spread over the lay to give a good picture of 
condition, supplementary inspections of between one to two hundred 
feet intervals are not too conservatively spaced. Soil samples taken 
from the ditch wall at pipe depth, contribute to the knowledge of 
relative soil corrosivity over the line route and aid materially in 
judging doubtful stretches between inspection points or a generally 
erratic pipe condition. Temporary or permanent repairs to main 
are then made depending on whether it is to be replaced because of 
poor condition or remain in service. 

The business of appraising pipe lines and estimating probable 
life frequently is a point of conjecture, where no attempt is made 
to compensate for greater or lesser wall thicknesses of different 
pipe diameters. Hence, “life of pipe’ means, essentially, that a 
l-inch standard service pipe having a nominal thickness of .133 
inches would fail simultaneously with a 6 inch standard steel main 
to which it is tied, despite the fact that the latter has a nominal 
wall thickness of .280 inches or that a 4 inch would go out with an 
8 inch, although the latter has a 25 per cent thicker wall. Glancing 
at a list of standard thicknesses of various pipe diameters, it there- 
fore seems more logical to speak in terms of annual pitting rate 
plus known wall thicknesses of pipe. 

For example, a 10 year old standard 6 inch W. I. main is exam- 
ined and found to be pitted or scaled generally to a maximum 
depth of .140 inches, or half way through. A sound, probable life 
estimate in this case is an additional 10 years. Had the maximum 
penetrations been in the neighborhood of .093 inches, 20 additional 
years of life would constitute a fair estimate. In other words, 
the annual rate of deterioration is the greatest depth of pitting, 
scale, rust or graphitization divided by the years buried. The life 
of pipe, then, is the remaining wall thicknesses divided by the 
annual rate of deterioration. Working on this basis, the inspector 
can recommend replacement if the probable life of pipe is not so 
great as the desired life. 

Preferable inspection points are service tie-ins at the main, fit- 
tings, including couplings and adjacent pipe surface, welds, hot or 
cold bends, proximity to other substructures, electric substations and 
tracks. Areas of poor drainage or different soil types should be 
noted, and certainly that portion of the lay the same, or nearly 
equal age, reported in poor condition. Previous reports of condition 
with records of past maintenance on the line are invaluable acces- 
sories to this study. 


In giving his attention to such features, the inspector finds his 
task greatly simplified. A systematic check of the lay involved is 
then made without unwittingly examining a considerable newer 
extension so frequently found in growing distribution systems. 

Poor condition reported by main, service or repair crews con- 
stitutes another sound reason for main inspections. Usually, reports 
by the latter crew only, make it necessary to take immediate action, 
for permanent repairs or replacements are uneconomic when fur- 
ther inspection would indicate the necessity of replacement. Hence 
it becomes necessary for the repairman to promptly notify his office 
of main failure from corrosion, make temporary repairs and put 
down an inspection hole in the same lay, 100 feet either side of 
the failure. If the bad portion is toward the end of any particular 
lay, then it would be well to prospect the other direction, confining 
his inspections to the installation involved. This practice gives the 
inspector an opportunity to reach a conclusion when he arrives on 
the job, equipped with previous reports of condition, maintenance 
records, and soil data. In the event replacement is necessary, tem- 
porary repairs are made and adjacent lines of the same, or greater 
age, should be examined for condition, providing soil conditions 
approximate those in which the pipe failure occurred. 


Preliminary~ soil surveys map the extent of classified corrosive 
areas, minimizing unprofitable examinations over any considerable 
run of main. Conversely, a soil survey may be substituted for 
inspections at busy intersections, under grade “A” paving or 
thoroughfares where good public relationship suggests some other 
means of pipe line appraisal than breaking paving at inspection 
points. This survey may be made by sampling with a dirt auger 
back of curb at any desired depth. 


Up to that point from whence a soil survey is to be made exclu- 
sively, three classes of data are known: age of pipe, condition of 
pipe and corrosivity of the soil. Therefore, the only unknown 
remaining when a soil survey is solely made farther on, is condi- 
tion of pipe. Experience gained by frequent field checks has dem- 
onstrated that this, too, ceases to be unknown when age of pipe and 
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relative corrosivity of soil is definitely established. No method of 
pipe line appraisal is infallible, yet with this indirect procedure it is 
conservatively estimated that the savings effected in excavating and 
repaving costs, plus public good-will gained outweighs the intrinsic 
value of pipe abandoned, or prematurely removed. In isolated cases 
of the last consideration, good portions may be salvaged or 
reconditioned for further service. This method has been used 
successfully on a project involving 43,000 feet of old installations 
over an area of approximately 114 square miles. 

First, the district being part of a gigantic soil survey covering an 
entire distribution system, was found to be generally corrosive. 
The limits of the corrosive soil area constituted the boundaries of 
the district in question where leakage and subsequent pipe inspec- 
tion surveys were made. Mains which had been completely 
amortized were chosen for this survey, while prospecting was 
mainly confined to those streets where a poor condition of cheaper 
paving (oil and rock) existed. Care was taken to scatter main 
inspections throughout the district so that a good cross-section of 
conditions was established. That this program succeeded in its 
purpose is evidenced by the fact that removals because of poor 
condition were necessary in every case. 

With some supplemental soil data secured by the laboratory in 
doubtful cases and the age of other lays definitely known, it was 
only necessary to issue jobs on the balance of pipe, which vindi- 
cated the procedure by its general poor condition when removed 
portions were examined. Isolated sections in better condition were 
salvaged, the cost of removal being offset by economies effected 
in prospecting expense, while good construction practice fre- 
quently demanded their replacement incident to the job, in any 
event. In some cases mains were laid in unobstructed parkways 
on those streets where either great width or excellence of paving 
would otherwise have raised obvious construction disadvantages 
and costs, had an effort been made to run the job in the street 
and recover the old installation. 

Street improvement, the fourth outlined condition for pipe in- 
spection, necessitates careful examinations and age estimates of 
future pipe life. The governing factor here is the type of im- 
provement proposed; whether it will be a grading job, resurfaced 
with a relatively short lived wearing surface of oil and rock or 
macadam, or the more permanent varieties of hard paving. Fur- 
thermore, coincident with paving, jogs and grades are often 
eliminated, while certain portions cut through and _ widened, 
change the thoroughfare to a main artery which attrdcts business 
and vehicular trafic. Too much emphasis cannot be placed on the 
importance of conservative age estimates for this type of improve- 
ment, bearing in mind that shock and vibration are added to 
those other forces of pipe line disintegration, while failure would 
prove more disastrous than formerly. A preliminary leakage sur- 
vey, followed by the procedure hereinbefore discussed, has been 
used on these projects to good advantage. 

Thus far, in this discussion, no reference to coated lines has 
been made, because the majority of pipe in underground systems 
at the present time is unprotected, and of considerably greater age 
than that which is wrapped. This results in necessary inspections 
and maintenance of bare lines in the greater number of cases. 
Yet, street improvement, routine inspection at tie-ins, observation 
of a particular coating under certain physical or chemical soil 
conditions and maintenance at points of coating failure are mak- 
ing underground examinations of coated pipe more common. In 
addition, due to the increasing and widespread use of pipe protec- 
tion, a proportionate increase in treated lines may be expected 
with time. 

Since the severity of any given soil’s attack on metal indicates 
that a coating would suffer correspondingly, it is assumed that con- 
dition of coating accounts for condition of pipe in corrosive soils. It 
is therefore important that the protection be given careful con- 
sideration during the examination of a treated pipe line. The 
electrical resistivity test, as described on page 526, Volume 22 of 
the P. C. G. A. Proceedings, is a good index of coating condition. 
Where this method of coating appraisal is not used, visual observa- 
tions should be made as the protection is removed. Following 
either method, condition of pipe is noted for presence of moisture, 
evidence of corrosion and loss in wall thickness, after which a 
coating is reapplied at least equal in protective value to that 
removed. When the protective material and pipe beneath has 
been appraised, the next problem is to predict a life for both. 


Three possible conditions of coating exist; viz. unchanged, de- 
teriorated and failed. The inspector may feel assured that an un- 
changed coating will afford future protection as long as its past 
life. Secondly, confining any error in age estimates of a deterior- 
ated coating to the side of safety, the protective value of the 
coating may be considered spent. In this event, pipe life can be 
estimated on a straight line basis for that particular soil. Much 
progress has been made in the correlation of soil testing methods 
with metallic penetration rate, and where no evidence of corrosion 
is noted, this system may be employed. If, however, coating fail- 
ure has occurred, and corrosion has penetrated the metal beneath, 
the depth of action may be measured. Then, by determining the 
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annual penetration rate for that soil, the future pipe life may be 
computed on the basis of remaining wall thickness. 

Reference to transmission line inspections has been neglected 
due to the relative simplicity of the problem. Briefly, they are 
usually of one diameter throughout any particular line, and con- 
sequent uniform wall thickness. They are generally of the same ap- 
proximate age throughout, and are seldom affected by street im- 
provement. However, the application of general principles as 
herein outlined remains similar, and may be used with equal suc- 
cess. 

Deviations in general underground pipe inspection practice are 
brought about by extremes in electrolytic phenomena, pressures 
(high or low), faulty material or fabrication of pipe and future 
construction programs. One individual’s viewpoint may not be 
coincident with another’s, or construction and maintenance pol- 
icies of any company correspond precisely to those employed else- 
where. Yet it is undeniably the common purpose of inspection 
to achieve an accurate and thorough knowledge of underground 
pipe condition, which results in sound maintenance programs, and 
thereby a strengthened industry. 


SOME FACTORS INFLUENCING THE CORRO- 
SION OF CAST [IRON* 


N the last few years a great deal of attention has been given 
| to means for preventing corrosion. Cast iron has received its 

share of research, probably because this metal can be pro- 
duced so economically and lends itself so readily to the needs of 
modern industry. It is the purpose of this paper to review the 
work of several investigators in this field to present some data 
obtained on the corrosion of cast iron pipe in Southern California 
soils. 

Most commercial grades of cast iron pipe are composed of gray 
iron, Gray iron may be considered to be made up of two parts: 
(1) a metallic matrix and (2) thousands of scattered graphite 
flakes. This matrix is mostly cementite (FesC) and iron. The 
graphite flakes may be considered as free carbon. 

Silicon is an important constituent of cast iron. Part of the silicon 
is in the cementite which renders the cementite unstable, giving 
it a tendency to decompose partially and liberate some carbon as 
graphite. 

The term “graphitization of cast iron” in this paper will be 
taken to mean the breaking down of cast iron into a soft black 
substance having the appearance of graphite. This term is fre- 
quently used in discussing the formation of free carbon in molten 
cast iron as it cools, but will not be considered here. 

The mechanism of graphitization is not very well understood. 
Several theories have been advanced, but they differ so widely 
that acceptance of any one of them would negate sound principles 
and logic in another. Without implying acceptance of any of 
them, the following equation may be assumed as the last step in the 
process (cementite or iron carbide forms iron and carbon): 


Fes => SFe +0 (1) 
Cast iron also corrodes by the process of “rusting”. This process 
forms a crust on the surface of the metal. This crust is sometimes 


considered to have the property of inhibiting further corrosion. 
The writer, however, has seen many cases where a badly graph- 
itized pipe was covered by a heavy coat of red rust. 

Another type of corrosion is the so-called “growth” of cast iron 
at high temperatures. Growth, as the name implies, results in an 
increase in volume accompanied by loss in strength and great 
brittleness, rendering the metal useless for all usual purposes. 


The Effect of Chemical Composition 


Certain alloys have a marked effect not only on the rate of 
graphitization, but on the extent or degree of completeness of the 
reaction. The effect of alloying elements can be interpreted in 
terms of equation 1. We find that in general they group them- 
selves into two classes: 


1. Carbide Forming Elements. Vanadium, cobalt, chromium, 
molybdenum and manganese, react with the carbide as a_ whole 
and in varying degrees prevent the reaction from proceeding to 
the right. 

2. Graphitizing Elements. Aluminum, nickel, titanium, copper 
and tungsten have a tendency to accelerate the equation to the 
right, causing the cementite to decompose as shown. 


*Submitted by C. P. de Jonge, San Diego Consolidated Gas and Electric Co. 

(The findings of investigators described in Mr. de Jonge’s original report are 
only summarized kere. However a complete bibliography is given at the end of this 
paper. The original paper was accompanied by 8 micro-photographs which are 
reproduced here, and 6 pictures of cast iron pipe after being in service. On ac- 
count of lack af space only descriptions of the latter are given following the con- 
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Nickel and copper, however, have been added to cast iron to 
prevent corrosion. Reports on the effect of nickel and copper are 
often contradictory. One investigator claims that the advantage 
in using these elements as alloys is that they impart to the cast iron 
a finely grained homogeneous structure, but that otherwise their 
presence in some reagents is a disadvantage as an inhibitor of 
corrosion. 

It appears upon reviewing the work of many able metallurgists 
that the control of graphitization lies in the lessening of the activ- 
ity of the iron carbide. This is done by alloying with the cast iron 
element which will react with the carbide as a whole and thus 
prevent its disintegration. Hence the wide variation in the lasting 
properties of cast iron in different soils is possibly caused by ele- 
ments in the soil which affect the activity of iron carbide. If this 
is the case, research in this field may predict the suitability of cast 
iron for a certain soil from its chemical analysis. 

The effect of alloying various elements with cast iron is best 
accomplished by presenting in summarized form the results of 
various able investigators: 


Silicon. It is very doubtful whether silicon in amounts less than 
10 per cent will reduce the corrodibility of cast iron. There is a 
marked resistance to acids, however, when the amount of silicon 
exceeds this quantity. With alkalies, high silicon content is a 
disadvantage. This element makes cast iron brittle and unmachin- 
_ also rendering manufacture difficult and consequently more 
costly. 


Manganese. Is generally believed to retard corrosion, especially 
in acid solution, 


Phosphorous. Opinions differ as regards the influence of phos- 
phorous on corrosion, but it is generally agreed that a high content 
(0.5 per cent and more) is undesirable. 


Copper. The addition of copper has uncertain results. Many 
accelerated tests reported are contradictory though they seem to 
agree that more than about 1 per cent copper content is of no 
advantage. On the basis of the fact that copper will tend to bring 
about a dissociation of the FesC or cementite, a long time test 
might show that copper increases the corrodibility of cast iron. 
In the presence of other metals such as chromium, there is possibly 
an increase in resistance to corrosion by a small amount of copper. 


Nickle and Chromium. The addition of chromium is chiefly im- 
portant for resistance to graphitization at high temperatures, prob- 
ably because it stabilizes the cementite. Nickel seems to be of no 
advantage in resisting alkalies. Neither chromium or nickel will 
prevent rusting. Chromium makes cast iron brittle and difficult to 
work; nickel counteracts this effect to some extent. Whether 
chromium would prevent graphitization at ordinary temperatures 
in a long time test is not known. 


Molybdenum. Jennings and Henderson (28) find that at high 
temperatures the rate of graphitization is almost inversely propor- 
tional to the molybdenum content, when the latter lies beween 
1 per cent and 5 per cent. Molybdenum contents greater than 
5 per cent completely stop graphitization. Results of their in- 
vestigations indicate that in general, any element having a tendency 
to associate with the carbide will decrease graphitization at high 
temperatures. 

Corrosion seems to be retarded with an increase in alkali, 
hydroxides giving more protection than carbonates. Chlorides fur- 
ther the corrosion. 


Effect of Amount and Dispersion of Carbon 


Many authorities believe that the size and dispersion of the 
graphite flakes have an important bearing on the rate of graphi- 
tization. The theory generally upheld is the so-called theory of 
local elements. This theory attributes the disintegration of cast 
iron to the great potential difference between graphite and iron 


TABLE NO. 1 
Average gray Completely graphitized 
cast iron cast iron 
Fe 91.86% 44.50% 
C 3.75 12.40 
Si 2.50 9.40 
Mn 0.75 0.00 
P 1.10 5.07 
S 0.04 0.00 
HO 0.00 11.70 
hygroscopic 
and const. 
0 diff. 0.00 16.93 
100.00 100.00 


WESTERN GAS 


(0.372 V and — .762 V). In the presence of an electrolyte such as 
soil water this potential difference generates local currents and 
the anodic metal particles go into solution, leaving skeleton graph- 
ite structure. It seems reasonable that the larger the grains of 
graphite the easier is entrance of corroding soil waters and a con- 
sequent easier liberation of gases. In the past few years this 
problem has been attacked by a number of investigators, although 
up to the present their results are not entirely free from contradic- 
tions. For some reason this electrolytic action does not go to 
completion which may be due to local polarization. This fact is 
brought out by a very careful analysis of a piece of “completely 
graphitized” cast iron pipe by Romwalter (31) (See Table No. 1). 

He found that in every case there was a definite limit to the de- 
gree of completeness of the graphitization process. 

The action of graphite from the standpoint of its structural form 
and quantity is not yet fully understood. However, the fact that 
the presence of graphite lowers the resistance to corrosion is fairly 
well established. 


Centrifugal and Pit Cast Iron 


The condition under which cast iron is poured has an important 
bearing on the structure and dispersion of the free carbon or graph- 
ite. In general, the more rapid the rate of cooling the finer will be 
the distribution of the graphite flakes. If molten cast iron is allowed 
to cool slowly, graphite will separate out in large flakes. On the 
other hand, if it is cooled very rapidly, a white chilled cast iron 
results. At an intermediate rate, a very desirable distribution of 
graphite is obtained. The centrifugal process is admirably suited 
to the control of the rate of cooling and the consequent manner in 
which the graphite is distributed. 

An analysis of the Bureau of Standards soil corrosion publications 
shows that centrifugal cast iron has a greater resistance to corro- 
sion than pit cast iron. 

A similar analysis by Corfield (unpublished) shows a great 
superiority for centrifugal cast iron in five Southern California 
soils. He finds that the expected life, deduced from penetrations 
at various periods, for centrifugal cast pipe is about twice that for 
a pit cast (coarse grained). 

In an inspection of 33 cast iron pipe mains in a severe adobe 
soil by the San Diego Consolidated Gas and Electric Co. it was 
found that assuming a constant rate of penetration, the annual 
penetration for sand cast pipe was .0432 inches and for centrifugal 
cast pipe was .0223 inches. Eleven samples of cast iron were 
brought in from the field and in every case the samples with a 
coarser graphite structure showed the least resistance to corrosion. 


Conclusion 


Cast iron, when subjected to some corroding influences seems to 
be a very unstable metal. It is not uncommon, in some Southern 
California soils to find a 4-inch cast iron pipe (thickness 0.45- 
inch) to be completely graphitized in six or seven years. On 
the other hand, there are many localities where cast iron pipe 
has been known to attain a life of more than 100 years. Can this 
great difference be accounted for by the variation in composition 
of the metal? I think not. No doubt composition plays some part, 
as brought out by the results of the various accelerated tests ab- 
stracted in this paper, but upon a close comparison of these tests, 
it will be seen that the nature of the corrosive agent employed 
made more difference than a variation in the composition of the 
metal. 

A certain composition of cast iron may be highly resistant to a 
particular acid, but may possibly be very unsatisfactory in alkalies 
or even in a different acid. The inference from this is that cast 
iron is entirely unsuited for some soils. 

Research, then should be directed to effects of soils on cast iron, 
and not the effects of variations in composition in isolated corrod- 
ing media. 


Descriptions of Pictures in Original. Report 
Which Are Omitted in Present Report: 


A 4-inch sand cast pipe completely graphitized in 6 years. 
Soil Index 4.35.* 

A 4-inch centrifugal cast pipe and a sand cast tee. The centrif- 
ugal pipe was pitted .165-inch and the tee .210-inch after 5 years 
service. (Tee joined to pipe.) 

A 4-inch centrifugal cast pipe and a sand cast tee after 5 years 
service. The pits on the tee were .300-inch and were surrounded 
by hard firm metal. The centrifugal pipe was corroded “all over” 
to a depth of .170-inch. Soil Index 3.48.* (Tee joined to pipe.) 

A 4-inch centrifugal cast iron pipe pitted .033-inch and a 4-inch 
sand cast iron pipe pitted more than .300-inch after 6 years service. 
Soil Index 3.77.* (The two pipes are joined.) 


*All soil index numbers refer to Corfield 6-volt loss of weight. 
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Fig. 1. Typical sand cast iron (x100). Fig. 2. Typical centrifugally cast iron (x100). 
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Fig. 3. Graphitized and ungraphitized portion of centrifu- Fig. 4. Graphitized and ungraphitized portion of sand cast 
gally cast iron pipe (x100). pipe (x100). 
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Fig. 5. Grain structure of a sand cast pipe which was com- Fig. 6. Grain structure of a centrifugally cast pipe. This 
pletely graphitized and leaking in several places, after seven section of pipe was joined to the pipe of Fig. 5 but was laid 
years service. This protograph was taken at a section im- two years later. Maximum penetration in five years .140- 
mediately adjoining a leaking graphitized area. Note the in. (x100). 


abnormally large graphite flakes and compare with pipe in 
Fig. 6 which was in service under identical conditions (x100). 


Fig. 7. Slight graphitization of a fine grained cast iron pipe Fig. 8. Same pipe as Fig. 7. Graphitization at inner surface 
coupling. Method of manufacture unknown. Subject to 5.00 (x100). 
soil for 19 years. Heavy line indicates exterior surface of 


pipe (x100). 
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OPERATION OF SUBSTRUCTURES COMMIT- 
TEE IN THE EAST BAY CITIES* 


HE East Bay cities extend along the eastern shore of San 

Francisco Bay for a distance of approximately 20 miles, prac- 

tically a continuous populated area. ‘Transportation is fur- 
nished these cities by the electric street car and interurban lines of 
the Key System Limited; The Southern Pacific Company; and the 
Sacramento Northern Railroad Company. The other utilities serv- 
ing this area are the East Bay Municipal Utility District, the Pa- 
cific Gas and Electric Co., the Pacific Telephone and Telegraph 
Company and the Postal Telegraph-Cable Co. 

Previous to the organization of the Committee, each of the 
utilities operating underground plants that were subject to dam- 
age by electrolysis had been making independent investigations and 
establishing independent corrective measures. The result was great 
duplication of effort by the utilities concerned. Also, what might 
prove beneficial to one was often found to be detrimental to others. 

In December, 1922, representatives from all of the above men- 
tioned utilities and a representative from the electrical department 
of the City of Oakland met and organized “The Joint Committee for 
the Protection of Substructures in the East Bay Cities.”’ 


*Submitted by A. W. Flippin, Pacific Gas and Electric Co. 
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Organization chart. 


By the plan of the organization, a general committee is composed 
of one representative from each of the utilities and one each from 
the City of Oakland and the City of Berkeley. The members are 
designated to serve by their respective companies and are ap- 
pointed annually. The general committee meets once a year, at 
which time a chairman and secretary-treasurer are elected to 
serve for one year. The General Committee at that time also 
elects a technical committee of five members, who may or may not 
be members of the general committee. The technical committee 
meets monthly and has direct charge of all work and corrective 
measures performed by the Committee. 

The utilities represented on the General Committee furnish the 
technical committee with funds, men for test work, equipment, etc., 
as needed, each supplying what is available and generally in pro- 
portion to the amount of benefit derived by each. The field force, 
working under the direction of the technical committee consists of 
a foreman and from five to 12 men whose services are loaned 
by the General Committee. Salaries and wages of all on Com- 
mittee work are paid by their respective companies, they being 
loaned to the Committee for the mutual benefit of all concerned. 

Headquarters of the Committee are at the ofhces of the Key Sys- 
tem Limited. There, the secretary-treasurer keeps a record of all 
activities and sends out to all members a monthly report of work 
done. Minutes of monthly meetings of the technical committee are 
sent to all members. The accompanying organization chart shows 
the general set-up and scheme of the committee organization. 


The first work performed was a general survey of the entire 
East Bay area, particularly as regards potential differences and 
current flow between various underground structures such as rail- 
road tracks, water pipes, gas pipes and power and telephone 
cables. Potential-gradient readings were taken along the most im- 
portant railroad lines. Existing current drainage connections were 
located and either repaired or removed as proved best. New cur- 
rent drains were installed at definite points where testing indicated 
the need. 

From time to time, some of the utilities will have a case of corro- 
sion on pipes or cables which there may be reason to believe is 
caused by electrolysis. Such cases are turned over to the Commit- 
tee for investigation. The accompanying working chart shows the 
method of handling business by the Committee. These tests occupy 
most of the Committee’s time. 

The only routine tests are the current readings taken on all drains 
at each of the 26 drain stations every three months. 

Quite frequently cases of severe damage to underground plants 
are found where there is very little evidence of electrolysis. Fur- 
ther investigation shows the damage is due to soil corrosion. The 
Committee realizing the need for a comprehensive study of soil cor- 
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Working chart, Joint Committee for Protection of 
Substructures in East Bay Cities. 


rosion in the East Bay area is now studying the subject prepara- 
tory to including “soil corrosion studies and classification” as part 
of the regular Committee work. 

Every year there is costly mechanical damage done to the under- 
ground plans of the various utilities due to other utilities and con- 
tractors digging into the various underground structures. The 
Committee is now carrying on a study to see if some plan cannot be 
devised to reduce this damage to a minimum. 


NOTES ON A DISTRIBUTION SYSTEM SOIL 
SURVEY* 


N May 4, 1931 a soil survey of the entire transmission and 
distribution system of this company was begun. The Shep- 
ard earth resistivity meter was chosen as the apparatus best 
suited for speed, accuracy and dependability.t 
At that time it was estimated that the survey would take about 
two years to complete and involve the taking of eight thousand 
readings. To date, after one year, the survey is about 85 per cent 
complete, but over 17,000 readings are on record. Nine sets of rods 
are employed, one for each of the eight districts, and one for the 
use of the laboratory. Their usage will be more thoroughly dis- 
cussed further on in this paper. 


Tentative Standard Materials 


The chief sources of value to be derived from such an extensive 
work are, (1) to be able to classify all soils into certain groups of 
relative corrosivity and (2) to be able to specify the kind of pipe 
and the optimum amount of protective coating that should be applied 


*Submitted by A. B. Allyne, Southern Counties Gas Company. 


— —_~ 


* “A Modern Soil Survey With Shepard Rods”, Vol. 22, Pg. 527, 1931 P.C.G.A. 
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for any given job. Recently a tentative standard has been drawn 
up outlining materials for installation of mains and services for the 
various groups of soils in this company’s territory. This is shown 


in Table No. 1. 


Use of Table 


As will be observed from Table No. 1, no steel services are in- 
stalled without a protective coating. One reason for this is that 
services traverse fertilized lawns and gardens, as well as yard 
refuse, hence the soils are usually corrosive. Also the renewal of 
services generally involves the digging of lawns and flowers. This, 
for obvious reasons, is best avoided whenever possible. In deciding 
whether wrapped steel or copper should be installed the maps ob- 
tained from the original district soil survey are consulted and 
recommendations made therefrom. 

For main renewals or extensions, however, the above procedure 
is modified. Due to the larger amount of investment involved, the 
probability that the main is or will be under pavement, etc., makes 
necessary a more thorough investigation of soil conditions before 
recommendations can be made with confidence. 

The original district surveys involve the taking of tests at each 
street intersection in the distribution system and an equivalent dis- 
tance (about 500 feet) along transmission lines. This procedure 
gives a general picture of the soil in various localities but does not 
reveal the conditions existing at closer intervals. For this reason, 
and also the fact that in excellent soils pipe is often laid without a 
coating, it is necessary to take rod readings every 50 feet along 
the proposed route at the time of the new line is first planned. 
These readings are attached to the application for construction 
orders from the districts to the general engineering department. 
A study of these readings, together with trafic conditions, probable 
community growth, and type of paving, bring forth the final de- 
cision. 


Detection of “Hot Spots” and Leaks 


The justification of the above amplification of the original sur- 
vey has been borne out many times, as a large number of “hot 
spots” have been found that were not revealed originally. This is 
to be expected as the “hot spots” are usually centralized conditions 
caused by any of the following: 


Wineries. 

Dairies. 

Mineral streams. 

Alkali swamps and deposits. 


1. Ash or trash dumps. 

2. Previous sites of livery 
stables. 

3. Decayed vegetation. 

4. Chemical works. 


NN 


The Shepard rods have proven to be of value in detecting leaky 
mains. —The man making a survey along a main is requested to be 
on the lookout for sudden drops in resistances. Many such “hot 
spots” have been investigated and the mains found to be already 
leaking or at least the pipe in the final stages of corrosion. It 
may be said at this point that of the many inspections of pipe and 
coatings made by this company since the advent of the rods, none 
has been found, at which the Shepard readings were below 2000, 
that the pipe and the coating itself were not in a state of deteriora- 
tion. 


Seasonal Variation in Rod Readings 


Due to considerable discussion that has arisen as to whether 
Shepard rod readings will vary with the climatic cycles, a one-year 
test has recently been started by this company. One hundred and 
fifty locations have been picked throughout the system and readings 
are being taken each month for a year. In picking these locations 
an attempt was made to include spots of excellent, good, fair, and 
bad soil, good and poor drainage, cultivated and uncultivated 
ground, as well as all types of soil. It is hoped that by this means, 
in case readings at some of the locations change classification, they 
may be grouped according to one or more of the above easily 
identified characteristics. 

The locations are marked with stakes and readings are taken 
within a few feet of them. As only three months have passed since 
the inception of these tests it is too early to draw any definite 
deductions. Of the 149 test locations, 29, or 19.5 per cent, have 
changed classification of soil. Nine of the changes showed lower 
readings than at the start while the other 20 recorded higher read- 
ings. This is the logical direction for any change in classification 
as the soils are now drying out from the winter rains. 

At some of the locations showing large changes in readings it has 
already been proven that these changes are due to wide variations 
of the soils within a few feet of the identification stake. In these 
spotted soils almost any reading can be obtained any time tests are 
made by moving the rods but a few inches. 

While first thought would cause one to disregard rod readings of 
the above nature, it should be remembered that this very spottedness 
of the soil in a given locality is a point well worth knowing in a 
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TABLE NO. 1 


Classof Descriptive Rod Readings, Estimated Life of Bare Specifications Specifications 
Soil Terms Ohms Cms. Steel Pipe, Years. For Mains for Service 
1 Excellent 10,000 - 6000 25 or more Steel pipe with no pro- Steel-wrapped. 


tective. coating. 


2 Good 6000 - 4500 17 - 25 Steel with a protective Steel-wrapped. 
coating, the cost of which 
will not constitute more 
than 10% of the entire 
cost of the job. 


3 Fair 4500 - 2000 10 - 17 Cast iron, copper, or Copper tubing’ with 
heavily protected steel, soldered couplings and 
depending on local con- stream-line fittings. 


ditions. If steel, cost of 
protective coating shall 
not exceed 20% of the 
entire cost of the job. 


4 Bad 0 - 2000 0-10 Cast iron or copper. Same as Class 3. 
No steel installed in 
this classification of soil. 


TABLE NO. 2. COST DATA | 


Total Lab. ‘Transpor- Total Total 
Total days Average Total Labor Mapping Tool Super- tation Cost Mileage Mileage 
h ; 


Number labor (8 tests Cost Cost Cost Chg. vision Cost per test for per 
Dist. Date Surveyed of tests hr.da.) perday § $ $ $ $ $ $ survey test Remarks 

Santa Barbara ........ 5- 4-31 to 6-23-31 1,052 41 25.6 302.71 164.00 + 50.00 50.00 38.71 0.288 602 0.57 Completed 
ER a nine BORO 7-29-31 to 11- 7-31 2,286 75.4 30.4 587.65 339.00 25.85 5000 50.00 122.80 0.257 2,480 1.09 Completed 
Santa Monica ........ 9- 2-31 to 5- 4-32 4,475 133.9 29.9 861.39 547.87 33.40 50.00 50.00 180.12 0.192 2,198 0.49 Completed 
pen Fee one 11-14-31 to 1-14-32 944 38 24.8 338.01 204.87 7.74 $0.00 50.00 25.40 0.358 508 0.54 Completed | 
Monrovia _.............. 2-19-32 to 4- 8-32 1,837 313 58.7 301.63 152.50 6.23 50.00 50.00 42.90 0.164 868 0.47 Completed | 
Orange County ...... 9-10-31 to 4,498 155.2 29.0 4,732 1.05 95% Completed 
US i 2-26-32 to 1,395 44.8 31.2 1,443 1.04 50% Completed 
WED aes ca 2-29-32 to 1,015 35.5 28.6 496 0.49 50% Completed 

Totals 17,502 555.1 31.6 13,327 0.76 85% Completed 


*Man making survey also did mapping—hence tests per day average is lower. 


study of proper pipe protection. More conclusive results should be A perusal of the results of such a summary shows a surprising dif- 

available in the near future. - ference in amounts of the different classes of soil for each district. 
This is shown in Table No. 3. 

Data and Costs of a Soil Survey 

Due to the fact that only one operator is required and also that TABLE NO. 3 
readings are instantaneous, the cost of a distribution survey is sur- sea Pe as se of 
prisingly low. The complete data for the system to date is shown __ District Excellent, % Good, % Fair, % Bad, % 
in Table No. 2. In order to make the data more clear and to en- 
able anyone contemplating a similar survey to estimate the time Sam Pedro ..................-.-.-0-----0-0--- 33.8 6.8 10.8 48.6 
and expense involved, a typical sample—Ventura County—will be VOMIT nanan nnnse enna nnn -nnnennnnvsnvenensnees 20.7 9.7 30.5 39.1 
discussed in detail. Santa Barbara eiininnnasentetecomtanet 31.8 11.3 26.8 30.1 

Ventura County, lying approximately 50 miles north of Los An- Santa Monica ........--.....-.-.----+ 39.4 11.2 25.1 24.3 
geles, covers 1858 square miles. Its population (1930) is 54,976, Monrovia. ..........—---.----.--.-----20---00- 80.9 6.2 9.4 3.5 
most of whom reside in the towns of Ventura, Santa Paula, Oxnard, System Average ..............-..--.-----. 40.8 9.6 22.6 27.0 
Fillmore, and Ojai. 

The field work was done by one Ross Smith in 75.4 days. 2286 : 
tests were taken for an average of 30.4 per day. His mileage for Using a — in Table . tcp Foes 3 on a used 
the survey was 2480 miles at a cost of $122.80. The mileage per rst ae popes ri ease ee ee ae ee y ee 
test figured 1.09. Labor costs at $4.50 per day amounted to $339. Of Coatings required for & district in a given time period. 

An office clerk spent 20 minutes each day recording and mapping Pipe Line Surveys 


the readings for the day previous. This amounted to a total of 
$25.85. A tool charge of $50 (one-half the cost of the rods) and a 
laboratory supervision charge of $50 completed the costs for a total 
of $587.65. The cost per test therefore amounted to $0.257. 

From the above table it is estimated the total cost of the survey 
will be very close to $4,000 with 20,000 readings on record. 


The Shepard rods are adaptable to long pipe line surveys as 
direct results are obtained right on the job. No transportation of 
soil samples is required and the distance between tests can be 
readily adjusted by the readings being obtained. By this procedure 
it is necessary to go over the proposed route only once. 

The cost of transmission pipe line surveys is obviously much 
greater than in distribution systems due to the greater distances to 


Distribution of Soals 
be traveled and the fact that roads are seldom followed. Also a 


It has been found helpful to summarize the survey results in each recent survey of the San Diego transmission line route brought out 
district into the four classifications of soils. This is of value in the need for two men to a crew instead of the usual single operator. 
estimating maintenance and renewal costs and gives at a glance a These cumulative factors about treble the cost of a pipe line soil 


general idea of the soil conditions to be encountered in each district. survey. 
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Gas Holder Maintenance* 


NE of the most important items in connection with maintenance 

of gas holders is a regular and systematic program of inspec- 

tion. This fact is generally recognized and there are very 
few companies which do not carry out an inspection program of 
some kind. There exists, however, a considerable variation in the 
frequency and methods of handling these inspections. Some of the 
companies reporting to the committee inspect their holders weekly 
and others have semi-monthly or monthly inspection schedules. It 
is the general practice to have the foreman in charge of holder 
maintenance work make the regular inspections. It is noticeable 
that comparatively few of the Pacific Coast companies furnish the 
inspector with a regular form covering the items to be reported on. 
This is a general practice among the larger eastern companies and 
the executives of these companies maintain that the use of these 
forms is very desirable for control of the maintenance work. Primar- 
ily the inspection forms serve the purpose of a reminder list to 
avoid the possibility that the inspector may overlook some items of 
importance. Such a form also lends itself to a review of the in- 
spector’s findings by engineers or supervisors. There are submitted 
with this report two sample inspection forms, one from a Pacific 
Coast company and one from a large eastern company. 


Lubrication and Adjustments 


Generally speaking only the larger companies on the coast are 
using high pressure lubricating systems for the guide rollers of the 
holders and the other companies are still using grease cups or oil. 
The high pressure systems of the Alemite and Zerk type, similar 
to the standard automobile greasing systems, have proven very satis- 
factory in those places where they have been used, and those com- 
panies which have tried out the high pressure lubrication have been 
quick to adopt them exclusively. The advantages of the high pres- 
sure lubrication are a saving in time and a more thorough lubrica- 
tion. 

All of the companies reporting make a practice of adjusting the 
guide rollers from time to time to take care of varying clearance 
conditions due to temperature changes. The general report is, how- 
ever, _ such adjustments are not needed except at very infrequent 
intervals. 


FORM NO. 1—MEMORANDA FOR HOLDER INSPECTION 


Tanks: 


Settlement of tanks. 

Leakage from brick tanlcs. 

Contact of protection walls with steel tanks. 

Conditions around bottom curbs of steel tanks, without protection 
walls. 

Drainage of tank walk-around. 

Deposit in tanks. 

Corrosion at the water line. 

Corrosion of walk-around. 

Corrosion of back of standard supports. 


Guide Frame: 


Alignment of guide rails. 

Corrosion of horizontal ties. 

Corrosion of top of girders. 

Corrosion of splice plates. 

Condition of interior of cylindrical columns. 
Missing rivets or bolts. 

Security of ladders and railings. 

Weep holes in cast iron columns. 

Steam piping on contact with structure. 


Lifts: 


Tightness of seams. 

Corrosion behind ribband plates. 

Condition of cup sheets at water line. 

Deposit in cups. 

Condition of rivets attacking dip sheet to grip channel. 
Life lines. 

Large holders without grip-gallery rails. 

Security of railings. 


Guiding: 


Adjustment of rollers. 
Lubrication. 
Wear. 


* Committee Report: D. B. Larson, chairman, Portland Gas & Coke Co.; W. I. 
Battin, Seattle Gas Co.; C. W. Beck, Los Angeles G. & E. Corp.; W. E. Bradford, 
Northwest Cities Gas Co.; F. C. Hawks, Washington G. & E. Co.; H. M. Thomas, 
Northwest Cities Gas Co. 
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Bending of spindles, 

Tank rollers and brackets missing. 
Inside rollers. 

Rust. 


General: 


Dirt and rust under paint, 

Missing rivets, or bolts. 

Tools, etc., stored on platforms, galleries or crown. 
Electric wires, etc., attached to structure. 


FORM NO. 2—HOLDER INSPECTION 


PHOIGOL NO oicsonciccs nce YE SG ea Me ah ln 


What is level of water tank with relation to overflow pipe? 

Is water free from sticks, paper and trash? 

Is overflow pipe clear? 

What is depth of water in lower cups? 

What is depth of water in middle cups? 

What is depth of water in upper cups? 

Are there any obstructions or sediment in cups? 

What is condition of paint in Holder cups? 

9. Is there any ice in cups? 

10. Are safety rails around Holder lifts in good condition? 

11. Are water valves accessible in case of emergency? 

12. Do they work freely? 

13. Have you examined them? 

14. What is condition of water pipe line and hose? 

15. Are steam lines in place? 

16. What is condition of steam lines? 

17. Does cable on anti-freezing device need greasing? 

18. Did you find any leaks in lifts or crown? 

19. Is so, give nature and location. 

20. Are walks and stairways clean? 

21. Is ladder safe and secure? 

22. Are diagonal braces between guide columns taking equal strain? 

23. Are rod supports from stairway landings to guide columns 
taking equal strain? 

24. What is condition of steam line insulation? 

25. What is condition of paint? 

26. Are there any rust spots on plates? 

27. Is there any dirt, cinders or brown stain on lifts or crown? 

28. Do guide wheels track? 

29. Have they been greased and oiled? 

30. Have guide roller frames sufhcient clearance from guide col- 
umns? | 

31. Are alemite grease cups on guide rollers in good order? 

32. Does holder or guide frame give indication of being out of line 
or level? 

33. In what condition is footing and foundation? 

34. Are there any signs of rust behind or under water table? 

35. What is condition of yard around the tank? 

36. Are grounds, buildings and walks in good order? 

37. Is lawn kept cut and trimmed? 

38. Do buildings need repair? If so, give particulars. 

39. Have drips been regularly blown? 

40. Do they blow clear? 

41. Is there any sign of condensation on ground around drip? 

42. Are inlet and outlet valves in good order? 

43. Do they hold tight? 

44. Did you try to operate them? 

45. Are gage markings clearly distinguishable? 

46. Is there any snow on crown? 

47. Are cup overflows clean and unobstructed ? 

48. Are cup overlows filled to proper level? 

49. What improvements should be made, in your estimation? 

(If more space is needed use reverse side) 


ECR OST TE REET LAE ERENT A Pe 


oN NM SW DY = 


The desirability of adjusting the diagonal rods and wind ties 
from time to time where the holders are equipped for such adjust- 
ments seems to be a question in which there is some difference of 
opinion. Some companies make adjustments of this kind while 
others do not. It seems logical that where the holder remains in 
the same position permanently without any settlement of the founda- 
tion or distortion of the frame work that the tension members of 
the frame work should be left in their original positions, but if 
there is any settlement or other general changes in the holder struc- 
ture taking place there is some argument for adjusting the diagonal 
rods or wind ties to distribute the stress more equally. Obviously, 
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however, such adjustments should be made under competent engi- 
neering supervision. 


Corrosion 


The matter of corrosion of the material of the holder is one of 
the most important points in connection with holder maintenance 
and is being given close attention by all of the companies report- 
ing. The useful life of the older holders of this class was limited 
largely by considerations of obsolete design and inadequate capacity, 
but in all probability the limit of useful life of the present day 
holders will be largely determined by the amount of corrosion taking 
place and any measures which are taken to prevent or mitigate 
corrosive action will postpone the time when the investment will 
have to be written off. 

In general the coast companies do not report much evidence of 
internal corrosion of the holder plates except in some of the smaller 
properties where purification troubles have been encountered. Un- 
questionably, however, there is some internal corrosion taking place 
as is evidenced by the brown stain which appears on the lifts of 
the holders after being submerged. A chemical analysis of samples 
of this brown stain from several holders indicates that it is a mix- 
ture of feric oxide with insoluble siliceous matter, probably dust. 
It appears that the acid constituents of the gas dissolve in the holder 
water and attack the metal and as the lifts rise out of the water 
they carry along a thin film in which some of this iron is in solu- 
tion. The dissolved iron compounds oxidize on exposure to air 
and produce the familiar brown stain. The possibility of prevent- 
ing internal corrosion and the formation of the brown stain by 
means of making the holder water slightly alkaline has been investi- 
gated but does not appear to promise much practical success. The 
most effective method of minimizing internal corrosion available at 
present appears to be the use of non-drying oils for holder painting, 
further comments on which will be made in a later section of this 
report. A coating of this kind will apparently prevent the holder 
water from attacking the metal. Most of the companies, however, 
are using this material on the outside lifts only and to be effective 
against internal corrosion both inside and outside surfaces must be 
protected. 

Some difficulties have been experienced with corroding of rivet 
heads on the inside of the holders, even in places where the plates 
show very little action on the inside. On a 25-year-old holder in 
Portland a considerable number of rivets on the lower portions of 
the lower lift were completely corroded away on the inside of the 
holder while the adjacent plates were still in good condition. After 
examination of the conditions affecting these rivets it was con- 
cluded that a difference in physical composition between the metal 
of the rivets and that of the plates either due to differences in the 
original metal structure or the subsequent treatment had resulted 
in electrolytic action which localized the corrosion on the rivets. 
This sort of condition can probably also be corrected by a protective 
coating on the inside surface of the holder. 

The weakest portions of the holder structure from the standpoint 
of corrosion are the sheets forming the hydraulic cup and grip. 
These sheets are subject to frequent changes from water to air 
exposure, thus producing conditions favorabie for rapid corrosion 
and unless special precautions are taken the life of a sheet is likely 
to be short. Some of the companies reporting replacements of cup 
and grip sheets gave the life of the original material as from 10 to 
20 years. 

The most frequently neglected points of corrosion on the holders 
are those places where the structural members of the holders form 
pockets which will retain moisture. These locations are often difficult 
to reach in painting and there is a tendency to let them go or else 
fill them up with whatever material is handy. It should be empha- 
sized strongly that careful attention to these places is vital to the 
preservation of the structure. Generally speaking it is advisable 
to make special efforts to clean out and paint these places whenever 
this is at all practical. If painting cannot be done the pockets 
should be filled but care should be taken in selection of the material 
for filling purposes so that corrosion will not take place under the 
filler. In many cases where such pockets were filled with material 
not water tight the corrosion has taken place more rapidly than 
without any filling at all. Some companies have corrected condi- 
tions of this kind by making structural changes, cutting out por- 
tions of the pockets, or drilling drain holes to prevent accumulation 
of moisture. 


Structural Features 


Comparatively little trouble was reported in the way of struc- 
tural distortions. One of the companies had some old holders with 
portions of the structure connected by bolts instead of rivets. These 
had loosened up due to corrosion and had allowed considerable play 
between the frame work members causing twisting and buckling of 
some of the members of the frame. In this case the condition was 
corrected by bringing the members back into the proper position 
and replacing the bolts with rivets. The possible loosening of bolts 
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in similar cases is one of the items which an inspector may overlook 
if he is not specificly cautioned to observe such conditions. 

On account of the weight of the water in the holder tank, settle- 
ment of the holder foundation has been experienced in some cases 
where the bearing power of the soil is inadequate to support the 
structure. One company reports that a condition of this kind was 
corrected by jacking up the tank and forcing cement grout under 
it as a support. In another case of settlement it was found in- 
advisable to level up the tank of the holder and a new set of 
landing blocks was installed to compensate for the variation of 
the bottom of the tank from the horizontal plane and the frame 
work was realigned to permit the lifts to operate from the landing 
blocks. This reconstruction work was done about 10 years ago 
and the holder is still operating in first class condition. 

In a number of cases where adequate foundation could not be 
secured otherwise the holders are supported on piling. Most of the 
companies report no difficulty with the piling but experience in 
one place indicates that there is a possibility of trouble developing 
from piling decay. In this case a portion of the holder was built 
on a solid earth foundation and the remainder of the structure 
was supported on piling. A slight settlement is occurring in the 
direction of the piling and this suggested that examination of the 
condition of the piles was advisable. A portion of the accessible 
part of the concrete mat which rests on the piling and supports 
the holder was removed and a number of the piles were exposed 
for examination. It was found that the piles were rotted at the 
top although they were in good condition farther down. This slow 
rotting is evidently allowing a gradual settlement as the weight 
of the holder continues to bear down on the piling. Such a con- 
dition would probably be of less importance in a case where the 
entire structure was supported on piling as a very slow uniform 
settlement would not be particularly objectionable. It is also 
worthy of note that this piling which is now deteriorating has been 
in service almost 30 years, 


Painting 


In view of the fact that the useful life of gas holders is limited 
principally by the action of corrosion on the sheets the matter of 
painting to prevent corrosion is one of the most important items 
involved in holder maintenance and generally is the item calling 
for the largest expenditure. The general practice on the Pacific 
Coast is to handle the painting work by company crews although 
some of the major repainting work has been let by contract to out- 
side firms. It has been the usual experience that it is more difficult 
to secure a first class job from outside painting contractors, par- 
ticularly with respect to reaching the pockets, corners and other 
relatively inaccessable portions of the structure. 

It is the general practice to carry on spot painting operations 
rnore or less continuously to take care of rust spots as soon as they 
appear and not to allow this condition to exist to the next regular 
painting interval. The interval between complete repainting varies 
with the service to which the holder is subjected and the atmos- 
pheric conditions. The longest interval reported between repaint- 
ing Operations was seven years and the general average appeared 
to be about four or five years, with some of the holders operating 
under less favorable conditions requiring more frequent painting. 
All of the companies reported that they schedule their painting 
work in the spring and summer months to take advantage of the 
dry warm weather. 

The selection of the most suitable paint for the particular condi- 
tions involved is a rather difhcult problem. The only absolutely 
reliable test is to put the paints into actual competitive service, 
but since the expected life of the material is at least around four 
or five years this is a long time to wait for conclusions. Some com- 
panies have relied to some extent on laboratory tests, but others 
feel that there is not close enough correlation between the labora- 
tory results and the actual service experience. A good method of 
securing comparative results on different paints is to paint adjoin- 
ing sheets of the same holder with the different samples and to 
observe the relative condition of these paints at intervals. This, 
of course, requires a considerable period of time to arrive at final 
conclusions, but it has the advantage of furnishing definite results 
for the existing conditions and it will usually be found that the 
paints which are entirely unsuitable for the work will be discov- 
ered in the early inspections. In a test of this nature where results 
were available to the committee, 10 out of 16 varieties of paint were 
eliminated in the early inspections and fairly definite results were 
available by about two years after the original painting. In those 
places where non-drying paints or oils are not used in the cups 
some of the companies are using a different paint than on the bal- 
ance of the holder as the service conditions are considerably differ- 
ent and it has been found that the best paint for portions of the 
structure undergoing frequent changes from water to air exposure 
is not necessarily the same as that which is best adapted to those 
portions not exposed to frequent changes. 

The matter of cleaning before painting is extremely important 
as best results from any paint are obtained only when it is applied 
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to a clean dry surface. The most general method of cleaning is by 
hand scraping and wire brushing, although there is considerable 
use of motor driven wire brushes for this purpose. Sand blasting 
has been tried by a number of companies, but is not used extensively 
as it is quite expensive and in general has not been found as satis- 
factory as wire brushing. oe 

Most of the companies have tried spray painting at one time 
or another and this method is still being used to some extent, 
although the general preference appears to be for hand methods. 
The spray painting is considerably more economical in labor, but 
it requires more paint for the same coverage and the cost of the 
extra material tends to offset the saving in labor. There is also 
some difficulty due to fine spray being blown around by the winds 
where the holders are not isolated. This operates to prevent use 
of the spray methods in many cases. A comparative study of the 
two methods made by one company which painted portions of the 
same holder by spray and hand methods indicated that the spray 
apparatus used 27 per cent more paint on the same surface and 
this practically offset the saving in labor. Following are the com- 
parative costs per square foot obtained in this study. 


Hand Spray 


METER CONTERIS 5 NAPE C Pe DS Ea Ne PI .0060 .0025 
Ree ANeE. 2S ane i ee .0082 0111 
RRR SESS AE Ie 88 .0142 .0136 


In this case it was decided to adopt hand painting as a general 
practice since this appeared to give a somewhat more satisfactory 
job and avoided the difficulty due to fine paint spray being spread 
over adjacent buildings and parked automobiles. 

Where the self-coating paints are not being used on the lifts 
it has been found advantageous to bring the holder down and do 
the painting from the walkway as the holder rises, thereby elimi- 
nating the cost of erecting scaffolds. This method, of course, is 
not available where the holder must be kept up to full capacity 
for operating purposes. Some objection has been raised to paint- 
ing from the walkway on the theory that the holder sheets do not 
have time to dry and in some places this objection has been met 
by mounting the painters on a trestle several feet above the walk 
to give the metal more drying time. Other companies, however, 
are experiencing no difficulty from painting from the walkway. 


Non-Drying Paints 


There is a great deal of interest at the present time in the matter 
of use of non-drying paints or oils for coating the holder lifts. 
Many of the coast companies, particularly in California, are al- 
ready using this method of holder protection as a standard practice. 
Others are experimenting with the material with a view toward 
possible utilization and the comments received from the committee 
members indicate that those who have not used this material are 
at least actively interested in the progress made elsewhere. 


There is still a considerable difference of opinion as to the merits 
of this method of holder protection. Some of the largest users report 
that their experience with this material has been very satisfactory, 
while other companies come out definitely with the statement that 
the material has not been satisfactory. The principal arguments in 
favor of the oils are the reduction in painting costs and the effect- 
ive prevention of corrosion. There does not seem to be much doubt 
but that this type of holder coating is effective in preventing cor- 
rosion; practically all users are in agreement in this point. The 
reduction in painting costs has been variously estimated from 25 
to 50 per cent. The definite objections brought up by those who 
regard the material as unsatisfactory are that the oil has a tendency 
to blow off the holder and adhere to the walkways and frame 
work and also that there is a tendency for dust and debris to mix 
with the oil on the lifts and make a dirty, rough appearance. 
The validity of these objections is admitted even by those who 
find the use of the material to be generally satisfactory. These 
companies believe that the advantages more than outweigh the 
objections. 


The matter of appearance is still a debatable question. There is 
much criticism by some companies of the appearance of the coating 
after it has seen service for a period of time, but on the other hand 
California companies which are the largest users of the non-drying 
type of paints seem to be meeting with success in keeping up a 
satisfactory appearance of the holders. One of the California com- 
mittee members reports that his company finds that the material 
maintains a good appearance from four to six months after coating 
and his company therefore makes a regular practice of recoating 
the lifts twice a year. 


It is possible that the greater degree of success enjoyed by the 
companies of California than in the northern states may be due to 
climatic conditions, as there is some complaint from northern users 
than the rain has a tendency to wash the material off the lifts. It 
should be noted, however, that the non-drying paints are coming 
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into general use in other portions of the country where the rainfall 
is as equally heavy as in the northwest. 


Safety 


Gas holder maintenance work in general is undoubtedly entitled 
to be classified as hazardous work in view of the fact that the 
workmen are up off the ground and normally have only a limited 
space in which to work. It is essential, therefore, that special 
attention be given to safety measures to prevent accidents. The 
use of safety belts for protection of the workmen is a general prac- 
tice and scaffolds are ordinarily provided with safety lines in the 
rear to prevent falls. 

Practically all of the cup galleries except on the very small hold- 
ers, are provided with safety railings for the protection of inspect- 
ors and workmen. Some of the eastern companies, however, have 
experienced accidents due to hand railings giving way unexpectedly 
on account of weakening from corrosion and it is suggested that 
particular attention be paid by the inspectors to the condition of 
these railings. 

The companies using spray painting made a practice of fur- 
nishing respirators for the air brush operators. 


Repairs 


It is considerably to the credit of the water sealed type of holders 
that in spite of the fact that many of the holders now in service 
have seen many years of operation there has only been a com- 
paratively small amount of patching required, according to the 
reports received. Some of the larger companies have never had 
to apply patches to any of their holders. Following are some of 
the comments regarding methods of patching: 

1. We use dry red lead mixed with shellac as a gasket on the 
shell over which is applied a metal patch fastened with stove 
bolts. 

2. We ream or drill, then tap holder and the patch, and then 
we fasten to the holder with %-inch pipe plugs. 

3. We use toggle bolts for fastening patches. 

In replacing corroded rivets most of the companies are using 
toggle or hook bolts; %4-inch pipe plugs and stud bolts are also 
used. An eastern company reports a method known as fishing, for 
use where the removed rivet is reasonably close to the bottom of the 
lower lift. In this case a line is dropped through the rivet hole 
and is pulled up from under the curb by a hook device. The 
bolt is then fastened to the line and drawn into place. 

The use of welding methods for repair work on the holders has 
not been very extensive and has been confined principally to small 
structural changes. In this matter of adaptation of welding to holder 
repair work the foreign gas men are considerably ahead of Ameri- 
can practice and it might be well to mention a few of the places 
where repairs have been made by welding, as the undeniable ad- 
vantages of repair jobs completed by welding methods make it 
very possible that a large percentage of the major repair work will 
ultimately be handled by this means. 

The Metropolitan Gas Co., of Melbourne, Australia, is probably 
the foremost user of welding in holder work at the present time. 
This eompany has five all welded holders in service at present 
and makes a general practice of using welding methods for its 
repair work. An interesting repair job completed by this company 
was the strengthening of the crown on a three million cubic feet 
holder by welding on a steel net composed of %-inch by 3-inch 
fiat bars. 

Patching holders by means of welding steel plates over the 
affected areas has been quite successful in England. In one holder 
at Norwich a total of 87 plates were welded to the crown of the 
holder. The opinion of prominent welding engineers in England is 
that plates of 10-gauge metal or heavier can be successfully welded. 

In Dresden, Germany, a notable repair job was completed in 1928 
where a new cup was welded into position on account of leakage 
due to corrosion of the old plates. This job, a full discussion of 
which has appeared in recent American periodicals, illustrates the 
possibilities of special applications of welding repair methods and 
also demonstrates the fact that welding can produce a very satis- 
factory job as no leakage of any consequence has resulted from this 
installation. 

All of this welding has, of course, been done by the electric 
process as the localizing of the heat possible in the electric method 
is desirable to avoid distortion of adjacent metal. The repair work 
cited has also all been done with the holders full inflated and in 
use, and it is apparent that the welding methods have effected 
considerable savings by reason of eliminating the necessity of taking 
the holders out of service for repair work. As time goes on the 
older holders on the Pacific Coast can be expected to require a 
greater amount of repair work and the possible adaptation of weld- 
ing processes to the repair work is well worth considering. 

The desirability of removing accumulations of debris from the 
holder cups is generally recognized and most companies do this at 
intervals although apparently not on a regular schedule. One com- 


August, 1932 


pany reports that the cups are cleaned whenever the holders are 
repainted. 


None of the companies reporting to the committee have changed 
the water in any of their holder tanks, although the possibility of 
such a move has been under consideration in at least one case. 
The replacing of water in the tanks after a period of service has 
been a fairly common practice in Europe, but there have been a 
number of companies which have discontinued such changes. 


Cold Weather Operation 


The problem of cold weather maintenance is of no particular 
concern to the California companies on account of their climatic 
conditions, although it is worthy of note that at one of the earliest 
meetings of the Pacific Coast Gas Association a California member 
reported that one of his company’s holders had frozen so tightly 
that it had entirely ceased to operate. The matter of providing for 
cold weather operation is, however, of considerable concern to 
companies operating in the northwest section. 


Heating of the sealing water by means of steam is the accepted 
practice. In many of the eastern cities hot water circulation is 
resorted to rather than the use of steam, but this does not appear 
to have met with much favor on the coast, probably because the 
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shorter heating period favors the less complicated and more flexible 
steam heating system. 

The particular climatic conditions existing in that part of the 
Pacific Northwest on the coast side of the Cascade Mountains bring 
up the question of the amount of ice formation that can be per- 
mitted in the holder cups without affecting operation. During any 
normal winter there are several times when ice will begin to form 
in small amounts, but the freezing weather will be comparatively 
short in duration and it is possible to avoid starting up the heating 
apparatus quite often if a certain thickness of ice is permitted before 
any heating is undertaken. This is actually done in Portland and 
ice coatings up to %-inch or so in thickness are simply broken up 
and the heating plants are not started up unless the temperature 
goes below 24 or 25 degrees or if the indications are that the cold 
period will be protracted. The remainder of the companies report- 
ing from the northwest said that they allowed no ice formation 
at all in the holders. In this connection it is interesting to note 
that it is reported that in certain parts of Europe where winter 
temperatures are considerably below those in the Pacific North- 
west, no attempt is made to heat the sealing water at all. 

Removal of snow from the holder crowns is considered unneces- 
sary except in infrequent cases where the snowfall is extremely 
heavy or drifts badly to one side of the crown. 


Distribution Design” 


HEN the Distribution Design Committee was first organized 

in November 1929, a four-year program was outlined. ‘This 

program consisted chiefly of four major subjects: (1) Modi- 

fied Gas Flow; (2) Diversity; (3) Network Flow; (4) Economics 

of Distribution Design. Subjects (1) and (2) have been fairly 
well covered in the 1930 and 1931 reports. 

For the year 1932 the Committee has concentrated on subject (4), 

Economics of Distribution Design, which leaves subject (3) Net- 

work Flow to be carried over until next year. 


MODIFIED GAS FLOW 


Flow of Gas In Distributor Feeders 


Since the publication of the first* and sec- 
ond** reports of the Distribution Design 
Committee it has been discovered that the 
formula for the flow of gas in distributor- 
feeder mains can be somewhat simplified 
mathematically. The former equation, al- 
though perfectly accurate, was expressed in 
such a way that its application was rather 
irksome, due to the necessity of working with 
(Q) values raised to the third power. A\l- 
though the mathematics will not be given 
here, it czn be shown that the former equa- 
tion whici: was stated thus, 
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is equivalent to the equation 
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in which 
H = Pressure loss in inches of water column, 
L = Length in hundreds of feet, 
Ki = Low pressure capacity constantff, 
Q = Quantity of gas in standard cu. ft. per hour entering the dis- 
tributor feeder, 


Q, = Quantity of gas in standard cu. ft. per hour leaving the 
distributor feeder. 


MC ittee Report: N. L. Hoff, Chairman, L. A. G. & E. Corp.; R. E. Cole, 
icecmn Poume Sai A. E. Englebright, P. G. & E. Co.; R. U. Fitting, L. A. 
G. & E. Corp.; D. B. Larson, Portland Gas & Coke Co.; R. E. Many, LL, A 
G. & E. Corp.; A. B. Meyer, So. Calif. Gas Co.; R. M. Stewart, P. G. & E. Co. 


*Volume 21, Page 572, Proceedings P. C. G. A. 
**Volume 22, Page 499, Proceedings G. A. 
+#Volume 21, Page 559, Proceedings P. C. G. A. 
+#March 1932 issue of Western Gas. 
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where n >= Number of bleed-offs on the distributor-feeder main. 
At first glance it may not be apparent that the new equation has 
any advantage over the old, but a trial calculation will show that 
the new equation (1) involves considerably less work. 
Another advantage of stating the equation in its new form is 
that, when extreme accuracy is not required, two of the terms may 
be discarded giving the following approximate formula: 
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It would perhaps be well in closing the discussion of Modified 
Gas Flow to point out that equation (1) may well be called the 
“General Modified Flow Equation” because when (Q:) becomes 
zero the formula changes over to the distributor flow equation and 
when (Q) equals (Q:) the formula reverts to the feeder flow 
equation. 


DIVERSITY 
Justifiable Risk 


The Distribution Design Committee last year presented a formula 
for the solution of problems in diversity. One of the variables (J) 
in the formula was to be assumed at the discretion of the user, 
although the Committee pointed out that safe practice would dic- 
tate the selection of values in the range between J —100 and 
J =1,000. In the absence of experimental data, the Committee had 
difficulty in properly illustrating the influence of the value of (J) 
upon the margin of safety. 


During the past winter the Committee placed in service a special 
demand meter capable of accurately recording the consumer’s 
maximum 5-minute demand. A total of five studies was made with 
this meter and the maximum 5-minute demand was compared, in 
each case, with the calculated 5-minute demand (the design load 
divided by 12), based upon the consumer’s installed appliances. 
These studies show very clearly two things: (1) that the calculated 
design loads vary in strict accordance with the observed 5-minute 
demands, and (2) that a value of J = 1,000 allows an ample safety 
factor. Table No. 1 shows the data obtained by the field studies 
and Fig. 1 shows the comparison with calculated values. 


Some may question the wisdom of comparing the 5-minute de- 
mands instead of hourly demands, but it must be remembered that 
customer demand is a rate, not a volume, and that a pipe capable 
of supplying all the gas required during the hour may be entirely 
inadequate to meet the 5-minute demand. Five minutes is ample 
time for the majority of consumers to form an impression of the 
excellence of their gas service. 


ECONOMICS OF DISTRIBUTION DESIGN 


Unfavorable business conditions during the past few years have 
caused the industry’s executives and engineers to become “econ- 
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| TABLE NO. 1. DEMAND METER STUDIES 
December 1931, to February 1932 
5 Max. 5-Min. Di 
| Test Size of No Rated Demand 12 Duration 
| No House Persons Installed Appliances Cap’y. Cu. Ft. J = 1000 of Test 
| 1—4 Bur. Range 65 
| 1 5 2 adits I1—No. 10 Lawson 20 7 
| Rms. 12 days 
| 3 child 1—Comb. wtr. htr. 23 
| Total 4 appliances 120 4.16 7.57 
| i—3 Bur. Range 55 
| 5 3 adits i—thermo. stg. wtr. htr. 23 
Rms. i—4 Dbl. Radiant htr. 16 15 
2 1—Norton heater 8 days 
on 1—Asbestos back htr. 16 
2 Firs. i—5 Dbl. Radiant htr. 20 
Total 6 appliances 138 6.56 8.57 
i—4 Bur. Range 67 
Five 2 adits 1—Potter Radiator 12 10 
| 3 Rms i—No. 0 Lawson 12 days | 
| 2 child 1—Comb, wtr. htr. 23 | 
| Total 4 appliances 114 5.94 7.16 | 
eee i—4+ Bur. Range 67 
| Five 2 adits i—Tin Radiator 12 4 
| 4 Rms 4 child i—comb. wtr. htr. 23 days 
| Total 3 appliances 102 5.42 6.66 
| i—4+ Bur. Range 67 
| Six No. 3—6 sect. tin radiators 30 7 
| 5 Rms. data i—Al1 Inst. wtr. htr. 51 days 
| i—2 Bur. Hotplate 20 
Total 6 appliances 168 8.13 10.41 


Hugo Johnson—Observer 


omics” minded. Much has been said and written about the appli- 
cation of sound economics to business methods and investment 
practice, but little explanation has been devoted as to how this 
application should be made. This Committee therefore, has re- 
solved to present and solve typical problems in economics as applied 
to the distribution of gas. In doing so, however, it fully realizes 
that the controversial nature of this subject may invoke some criti- 
cism. Nevertheless, it is hoped that the discussion produced, whether 
favorable or unfavorable, will promote a better understanding, 
encourage further work, and improve distribution procedure gen- 
erally. 


General Nomenclature. 


The leading authors on finance and economics agree very well in 
their use of conventional mathematical symbols for the various 
factors involved. The Committee, therefore, found it necessary 
to coin but few new symbols and was able to use the following 
general nomenclature to a large extent: 
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PERIOD LOCKED + WEEKS 


R = Utilities’ “Fair Rate of Return” 

i= Sinking Fund interest rate, 

n = Expected life of the structure or the period over which the 
Sinking Fund must accumulate the original cost, 

F, = Sinking Fund factor for (n) years or, 


J 


Gif - 


log = Common logarithm. 


Economics of Pipe Protection 


An examination of the Sinking Fund factor will readily disclose 
that as the value of (n) becomes larger the factor becomes smaller, 
therefore the longer lived pipes or structures bear a smaller annual 
fixed charge, per unit of capital. 

In the case of protected pipe the extension of life must be suffi- 
cient to reduce the annual fixed charges to a point where they are 
no greater than those of unprotected pipe if the expenditure for 
protection is to be justified. In other words, 


C, (R +f) “ C,(R tF,, ox) sss (3) 


where, 
C, = Cost of unprotected pipe, 
C. = Cost of protected pipe, 
x = Extension of life due to the protective measures. 


If the efhicacy of a certain type of protection were known, it 
would then be possible to solve directly for (C2) or the amount of 
money which might be economically spent to obtain that increased 
life, but since the value of (x) in most cases is extremely uncertain 
it is better to substitute the cost of a particular type of protection, 
and solve for the required value of (x). It can then be judged 
whether the coating will be or will not be able to give the required 
extension of life. 

Transposing equation (3) in terms of (x), then, gives 
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If it is contemplated to pave the street in which the pipe is to 
be laid, there are other factors to be considered. For example; it 
is obvious that the longer the breaking of the pavement may be post- 
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poned, for the replacement of the pipes, the longer annual fixed 
charges on the cost of breaking and replacing the pavement may 
be evaded. The laying of the mains in advance of the paving re- 
quires the deferment of the capital charges for the paving until 
the pipes are replaced, therefore, all considerations must be calcu- 
lated on the basis of present value. Thus, 
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which, when transposed in terms of (x), gives, 
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where, 


C, = Cost to install unprotected pipe before paving, 
C. = Cost to install protected pipe before paving, 


C; = Cost to install unprotected pipe after paving. 


Economics of Laying Mains in Advance of Street Improvement 


It occasionally happens that a municipality will institute proceed- 
ings for grading and paving of a thoroughfare along which there 
are no dwellings. In such cases the utilities usually install their 
underground structures before the paving is laid in order to prevent 
the breaking of the pavement later as business develops. Such a 
practice is meritorious in that it fosters good public relations but 
from the standpoint of economics, it may not always be sound. For 
example, this would be the case if the present value of the sum of 
the annual fixed charges on the idle investment exceeded the present 
value of the sum of the annual deferred fixed charges on the cost of 
breaking and replacing the pavement. The point of economical 
balance is reached when these two considerations are equal as 
expressed in the equation, 
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It is assumed in this equation that the question of whether pro- 
tected or unprotected pipe should be laid has already been solved, 
hence the value of (F:)in both members of the equation is the same. 


In (7), 


C; = Cost to lay pipe before the street is improved, 


C. = Cost to lay pipe after the street is improved. 


x = The period of time, in years, required for business to de- 
velop or the main to become productive. 


Here, again, the uncertain value of (x) indicates that the proper 
method of solution should be 
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Economics of Laying Property Line or Curb Services 


The economic feasibility of installing property line or curb ser- 
vices involves exactly the same considerations as in laying mains in 
advance of street improvements. When a single installation is con- 
sidered the small investment appears rather unimportant, but the 
comparatively large number of these services that might be tied to 
one main changes the view point immensely. However, equations 
(7) and (8) apply directly to this problem when the new interpre- 
tation is placed on the values of (Ci) and (Cy). 


Economics of Replacing Mains in Advance 
of Street Improvements 


Many distribution engineers accept a street improvement as suf- 
ficient reason for the replacement or reconditioning of a main. In 
the case of replacement this is especially true if the main design is in 
need of change, that is, where the main size is to be increased or 
decreased. An examination of the economic considerations, however, 
discloses that, in most cases, the main must be well along toward 
the end of its expected life before removal is justified. 

Only when the present value of the fixed charges on the breaking 
and replacing of the pavement represents enough to supply the de- 
ficiency in depreciation reserve, is the main’s removal justified 
unless, of course, other considerations outweigh the economic fac- 
tors. Expressed mathematically this is, 
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and when transposed in terms of (x), 
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in which, 

C, = The mains original cost, (Historical cost), 

C. = Cost to replace the main now, 

P = Cost to break and replace the proposed type of paving at 
a future time. 

n = Expected life used in establishing sinking fund. 

x = The required present age of the main in years to justify 
replacement. 


In this case the value of (x) may be determined exactly from the 
records, and compared with the calculated value. 


Economics of Laying Mains of Insufficient Capacity 


From equation (8) it may be shown that the value of (x) for 
small diameter mains is larger than for those of large diameter, 
therefore, giving a higher expectancy of economy in the case of the 
small main. This fact suggests that in some cases, where informa- 
tion regarding the rapidity of development is extremely meagre 
and where considerable risk is involved in forecasting the class 
of business likely to develop, it may be economical to gamble with 
a small diameter main, even though some years later it may be 
necessary to provide additional capacity either by laying another 
parallel main or by replacing the small main with a larger one. 


In the first case, where another parallel main is to be laid in the 
future, it is obvious that the cost of the parallel mains must not 
exceed the cost of the one main of ample capacity, except by the 
amount of the present value of the savings in fixed charges made by 
installing the first small diameter parallel main, divided by the 
number of future generations of pipe at that location. Even when 
the parallel mains are laid on opposite sides of the street, so that 
the shortening of the services reduces the required main capacity, it 
would be a very unusual case where the two mains could be justi- 
fied. 

In the second case, on the other hand, the removal of the small 
main and the relaying of the larger main may, in a great many 
cases, be justified providing the making of a certain assumption is 
permissible. This assumption may be called the “Transplanting 
Hypothesis’, which signifies that the main of insufhcient capacity, 
which was originally laid, will be removed and relaid in another 
location, under similar circumstances, where it will be permitted 
to serve for the remainder of its life. In other words, when the 
small main is no longer useful in one location, it is transferred to 
another location where it will be useful. The reason this assump- 
tion is necessary is twofold; first, it prevents a change in the util- 
ity’s methods of setting up depreciation reserve for one specific 
instance, and second, it prevents a trial and error calculation by a 
formula containing a variable covering a salvage value dependent 
upon the unknown value (x). By making this assumption or its 
equivalent, the point of economical balance is reached when the 
present value of the savings in fixed charges is enough to pay the 
present value of the cost of transplanting. 


Thus, 
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and transposing in terms of (x), 


in which, 

C, = Cost to now lay a main of insufhcient capacity, 

C. = Cost to now lay a main of ample capacity, 

Cr = Cost to transplant main of cost (C:) to a new location, 
roughly, (C:) minus the cost of the pipe plus a small 
charge for cartage, 

C, = Cest to renew main of either insufficient capacity or 
ample capacity; conditions being assumed to be the 
same from (x) to (m) years, 
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x = Period of time, in years, for which the main of insufh- 
cient capacity must be capable of serving the location 
where installed. 


Economics of Main Replacements on Account of Poor Condition: 


In actual practice, an underground pipe seldom fulfills exactly its 
expected life; it either fails too soon or not soon enough. It is 
important, therefore, that each main stay in the ground as long as 
possible in order that the average life of all mains be reasonably 
close to the arbitrary expected life. 

If the physical condition of a main could be determined from the 
ground surface, there would be no perplexing problem as to when 
the condition of a main was poor enough to warrant its replacement. 
But, when a series of test holes are dug to determine the condition 
ofa main, and it is found to be deeply pitted, or otherwise heavily 
corroded, it seems rather unwise to fill the test holes and leave the 
main in such an uncertain condition. If the test holes could be 
capitalized as part of the excavation for replacement, it would 
appear to be a more profitable expenditure than to backfill the holes 
and charge the labor to an operating expense. The economics of 
the problem, however, are quite simple. If the remaining life of 
the main is more than enough to accumulate in depreciation reserve 
the cost of making the inspection then the test holes should be back- 
filled. Thus, 
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and transposed in terms of (z), 
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where, 
C, = Cost of making inspection, 
C; = Original installation cost of pipe, (Historical cost), 
x = Present age of pipe in years, 
z = Estimated life of pipe in years, based on inspection. 


Economics of Leaving Locked Meters in Service 


In considering the subject of leaving locked meters in service, 
much depends upon the viewpoint. The viewpoint which will be 
used hereafter is fundamentally this: When is it more profitable to 
borrow a locked meter instead of buying a new one? After all, 
the removing of a locked meter to supply a demand for a meter else- 
where, is not particularly different from borrowing a meter, with- 
out rental charges, from the manufacturer. In both cases, it would 
be necessary to call for the meter and return it at the end of the 
loan period. In addition to that, the responsibility for seeing that 
the meter is fit for service, and is kept in good repair, would rest 
upon the borrower. If this attitude is adopted, the following equa- 
tion may be set up: 
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and transposing in terms of (Y), 
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where. 

C = The cost of a new meter ready for service, 

N = The average cost of putting an “Old Age Change” meter 
through the Repair Shop, 

r = The average cost of going after, removing and bringing 
in, an “Old Age Change” meter, and resetting another 
meter in its place, 

O = Prescribed “Old Age Change” period in years, 

U = Estimated cost of going after and removing a “Locked 
Meter”. 

T = Estimated cost of transporting a “Locked Meter” to the 
Repair Shop, 

I = Estimated cost of re-installing the “Locked Meter’. 

s= Number of years the “Locked Meter” has been in service 
since it was last through the Repair Shop as an “Old 
Age Change” meter, 

Y = The period of time in years which a “Locked Meter” 
must be closed in service before it would have been as 
economical to remove as to buy a new meter. 
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As the foregoing nomenclature indicates, there are many factors 
involved in this problem, but with the possible exception of the 


expression, 
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their application and meaning are too evident to require a detailed 
discussion. 

Expression (a) defines the proportion of the repair cost on an 
inactive meter which should be charged to “Locked Meters”, and 
the proportion to “Old Age Changes”. At the end of the “Old Age 
Change” period prescribed by law, the meter must be brought in 
and put through the Repair Shop. If the meter should happen to 
be inactive at the expiration of this period, it must be brought in 
just the same. On the other hand, if it should be brought in a few 
months before the expiration of this period as a “Locked Meter”, 
it is evident that the entire cost cannot, in all fairness, be charged 
to locked meter removals. Although it is not common practice to do 
so, it would be perfectly sound to set aside a certain sum of money 
each year as a sort of operating reserve fund to care for the re- 
moval and repair of “Old Age Change” meters. If this were done, 
and a meter were removed before the end of its change period, the 
cost of bringing it in and putting it through the Repair Shop should 
be reduced by the amount accumulated in the reserve for that par- 
ticular meter. Any charges in excess of that amount should be 
charged to its removal as a “Locked Meter” or for whatever cause 
it was removed. To test the soundness of this theory suppose that 
all meters, for one reason or another, were removed before they had 
served their full time. In that case the accounting procedure for 
the charging of “Old Age Changes” would be useless. But, surely 
the cost of operation would not be reduced, in fact, the cost would 
doubtless be increased due to the fact that the removals would not 
be so well grouped as in the case of “Old Age Changes”. 


In analyzing the right member of equation (15) the expressions, 
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represent the cost of bringing in a meter before and after the ex- 
piration of the change period, respectively. In expression (c), 
S = 0, hence they cancel, leaving (N + 1), as the cost of an “Old 
Age Change’’. 

Formula (15) is derived for application to a single meter, there- 
fore, its use in the establishing of a policy regarding locked meters 
requires the substitution of average values. For example, the value 
of (S), the meter’s service period, would be approximately one-half 
of (0) on an average. In a specific case the meter records would 
give the value exactly. 


As will be shown later in this report, the difficulty of accurately 
estimating the values of the various factors in (16) greatly impairs 
the usefulness of the formula. However, an examination of the 
data on a basis of Probability or Expectancy of Economy leads to a 
fairly satisfactory conclusion regarding the adoption of a policy on 
the removal of “Locked Meters’’. 


HYPOTHETICAL PROBLEMS IN DISTRIBUTION 
ECONOMICS 


For the purpose of illustrating the foregoing formulae, the fol- 
lowing problems are presented. The same length of main will be 
considered in all cases, namely, 504 feet of steel pipe. This par- 
ticular length was chosen because it represents approximately the 
quantity of main which would be required in order to supply 10 
lots with 50-foot frontages, or a length equivalent to an ordinary 
city block. Table No. 2 gives the estimated costs to make an instal- 
lation under various conditions of pipe diameter and street paving, 
assuming a hand excavated trench is opened the full length and 
that picks are necessary to break the soil. 


TABLE NO. 2. ASSUMED INSTALLATION COSTS ON 
504 FEET OF PROTECTED STEEL PIPE 


Street Surface* 2 in. 3 in. 4 in. 6 in. 
Dirt se $351.81 $438.79 $631.27 $967.92 
Oil and Gravel sen’ MABSS . $29.51 721.99 1,058.64 
Macadam 585.42 672.40 864.88 1,201.53 
Concrete 660.42 747.40 ~ .939.88 1,276.53 
Asphaltic Concrete 736.62 823.60 1,016.60 1,352.73 


*Paving charges based on Ordinance of City of Los Angeles, Calif. 
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Formula (3) and (4): 


1. What extension of life is required to justify a pipe protection 
cost amounting to $0.0552 per foot on 504 feet of 4-inch pipe? 


Solution 


504 ft. unprotected pipe cost $603.45 = Cy 
504 ft. protected pipe cost $631.27 =C. 

x = P years, n = 25 years. 

Then, substituting in (4), 


631.27 .06 
log +1) 
603.45 (.08+ .018227) —631.27X .08 
X= — 25 
log (1+ .06) 


x = 3.67 years 


2. If a certain protective application is known to give 10 years 
extension of life, what increase in cost will be justified on 504 feet 
of 4-inch pipe? 


Solution 
504 ft. unprotected pipe cost $603.45 = C, 
504 ft. protected pipe cost $? = C, 
x = 10 years, n = 25 years, 
and substituting in (3) 
603.45 (.08 + 0.018227) = Ce (.08+ 0.008974) 
C. = $666.21. 


Formula (6): 


1. If a street is about to be paved with concrete, what extension 
of life is required to justify protection costing $0.0552 per foot for 
4-inch pipe? 


Solution 


504 ft. unprotected pipe laid before paving, $603.45 = C, 
504 ft. protected pipe laid before paving, $631.27 = Cz 
504 ft. unprotected pipe laid after paving, $912.06 = Cs 
x => P yrs., n = 25 years, 

and substituting, 


912.06(.08-+- .018227) —631 .27( .08— .06) ) 
0 ei canteen wien (1.0625—1) 
xa 
log (1+- .06) 


x = 2.13 years. 


2. If a hot asphalt application, using a felt wrapper, costs $0.0552 
per foot, how many years increased life will be required to justify 
five such applications to 504 feet of 4-inch pipe, assuming the street 
is about to be paved with concrete? 


Solution 


504 ft. unprotected pipe laid before paving, $603.45 = Cy 

504 ft. of five-fold protected pipe laid before paving, 
$742.55 = Ce 

504 ft. unprotected pipe laid after paving, $912.06 = C; 

x= ? years, n= 25 years, 

and substituting, 


912 .06( .098227) —742 .55( .02) ) 
«{ 098227) —742.55X .08(1 .06)25+-603 .45( 098227) (1.06°5—1) 
ay log (1+-.06) 


x = 15.80 years. 


Formula (8): 


How many years may 504 feet of 2-inch main, laid in advance of 
concrete paving, lay idle and non-productive before it would have 
been cheaper to wait and break the pavement? 


Solution 


504 ft. of 2-inch protected pipe laid before paving, $351.81 = C, 
504 ft. of 2-inch protected pipe laid after paving, $660.42 = Cs 
x = ? years, n = 25 years 

and substituting, 


351.81 
log 1+ (1.06)25 —1 
660.42 


log (1. 06) 


x=25 — 


x = 7.6 years. 


Table No. 3 shows value of (x) for various other combinations. 
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TABLE NO. 3. VALUES OF (x) FORMULA (8) 


Asphalt 
Size Main Oil and Gravel Macadam Concrete and Concrete 
2 in. 2.9 6.3 7.6 8.7 
3 in. 2.4 5.3 6.6 7.6 
4 in. 1.8 4.0 5.0 6.0 
6 in. 1.2 2.7 3.5 4.2 


Formula (10): 


1. What should be the age of a 4-inch main, 504 feet long, in- 
stalled under an oil and gravel roadway in order to justify its 
removal and replacement with a 6-inch main in advance of a 
change to asphaltic concrete paving? 


Solution 


504 ft. of 4-inch protected pipe in O.&G., $721.99 = C; 

504 ft. of 6-inch protected pipe in O.&G., $1,058.64 = C, 
Paving charges for asphaltic concrete are $294.09 = P 

x = ? years, n = 25 years, 

and substituting, 


( 1058.64 .06 4. 291871 ) 
lo | 


721.99 .018227 X (1. 06)25 +294. 09 x .098237 
x= sa 
log (1.06) 


x = 24.6 years. 


2. In the same case, suppose the existing main is a 6-inch, and is 
to be changed to 4-inch, in advance of ordinary concrete paving. 
Then substituting as before, 


x = 17.57 years. 


3. In the same case as Example 2, suppose the size of the main 
were left unchanged. Then, x = 22.06 years. 


Formula (12): 


If a street is now unimproved, and it is calculated that 504 feet 
of 6-inch main will ultimately be needed to supply the street, how 
long must a 2-inch main be capable of supplying the business if 
the street, in the near future, is to be paved with concrete? 


Solution 


Cost to now lay the 2-inch main, $351.81 = C, 

Cost to now lay the 6-inch main, $967.92 = C, 

Cost to transplant the 2-inch main, $258.73 = C, 

Cost to replace either the 2-inch or the 6-inch main later with 
a 6-inch main, $1,276.53 = C; 

x = ? years, n = 25 years. 

Substituting these values in (12), 


( 258.73 X .06 


— 351.81+1,276.53 | 


Leal , 
I | 
| — 351.81+967.92 


log (1.06) 
x = 7.78 years. 


Formula (14): 


1. If the inspection of a 2-inch main, under .an oil and gravel 
roadway 504 feet in length, has cost $50.00, and if the 2-inch main 
is now 15 years old, how many years additional life (z-x), based 
on the inspection, should it have to justify the backfilling of the in- 
spection excavations? 


Solution 


504 ft. of 2-inch pipe laid in oil and gravel costs $442.53 
= C4 

Inspection cost $50.00 = Cy. 

x = 15 years, z > ? years. 

Substituting in (14), 


50.00 . 06 
log{ (1.06)15 + ) 


442.53X .018227 


log (1+ .06) 


z — 17.36 years, or (z ~ x) = 2.36 years. 
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2. In the same case suppose the main were 20 years old, what 
should be the value of z? 


= 21.88 years, or (z— x) = 1.88 years. 


Formula (16): 


1. If the variables in (16) have values as shown in Table No. 4, 
how long will it take for the fixed charges of a new meter to equal 
the cost of borrowing a locked meter? 


ASSUMED VALUE FOR THE VARIABLES 
IN FORMULA (16) 


TABLE NO. 4. 


C = $8.40 T = $0.40 r = $0.42 
n= 25 years S = 3 years, (aver.) U = $0.40 
N = $1.70 R = 0.8 I = $0.80 
Q = 6 youse j — 0.06 Fy — 0.018227 
Solution 
Substituting values from Table No. 4 in (16), 
6(0.40 + .80 + .80) —3 X 42 
y —_ 
8.40 X 6(.098227) + 1.70 + .42 
Y = 1.52 years or about 18 months. 
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2. If Fig. 2 is a Frequency Histogram for “Unlocking Meters” 
what must be the value of the variables (N), (T), (r), (U) and 
(I) in order to establish a policy of removing locked meters which 
will just “break even” in cost, with purchasing new meters? 


Solution 
Assume N=$1.00, T=$0.08, r=$0.10, U=$0.05 and I=$0.13. 
Then substituting in (16), 


6(.05 + .16 +.13) — 30 


8.40 X 6(.098227) + 1.00 + 0.10 


Y = 0.288 vears, or about 105 days. 
Discussion 

It is clearly evident from the foregoing examples that an economi- 
cal removal policy for “Locked Meters’ is impossible to obtain, 
based upon reasonable operating costs and the Frequency Histogram 
of the Los Angeles Gas and Electric Corp. 

Only when costs are at a ridiculously low figure is the removal 
of locked meters justifiable. It must be remembered that just 
because a meter has been locked for a certain length of time is no 
indication that it should be removed. For example, a meter which 
has been inactive for 18 months, if removed, may very likely have 
to be reset in a short time so that no economy is obtained by re- 
moving the meter when compared with the fixed charges on a new 
meter for the same length of time. In other words, considering 
an entire distribution system, if the removal of meters at the time 
they become locked can not be justified, then their removal after 
the elapse of any specified time can likewise not be justified. 

In compiling the data for Fig. 2, it was sometimes found that 
the meter was removed before being turned en, in which cases the 
length of time the account remained inactive on the corporation’s 
records was used. This is mentioned because other companies 


wishing to plot Frequency Histograms for their systems may not 
realize that the existence of a policy on the removal of locked meters 
need have no effect on the plotting of such a curve. 
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Storeroom and Toolroom Methods* 


ROM a study of the toolroom methods employed by the Class 

“A” companies of the Association, the Storeroom and Tool- 

room Methods Committee presents to the Pacific Coast Gas 
Association, the following report, which describes in detail the 
equipment and method of operation of a toolroom, as now in 
practice by one of the member companies. 


Location 
The toolroom should be located in a building readily accessible 
to all distribution crews, plant and _ shop 
employees and in ciose proximity to the 
blacksmith and machine shops, in order to 
minimize the cost of handling tools. 


Bins and Shelving 

The great variation in shapes and dimen- 
sions of tools necessitates the construction of 
special bins. Accompanying this report, are 
submitted the details of practical bin con- 
struction, adaptable to standard steel shelv- 
ing, covering various standard toolroom com- 
modities. The drawings and photographs 
are self explanatory. 


Toolroom Equipment 


The toolroom should be equipped with a 
work bench, bench vises and small emery 
wheels. Near the work bench should be 
convenience outlets for plugging in the soldering and branding 
irons. 

For the cleaning of lanterns, boots and miscellaneous tools, there 
should be installed, with proper air lines and water connections, 
a wash sink, having direct drain to sewer. Fig. 12 shows the 
toolroom work bench arrangement. 
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Supervision 


The operation of the toolroom should be under the supervision 
of the general storekeeper, as the ordering and receiving of mate- 
rial is part of his duties and the employees in his department are 
trained in the disbursement and accounting of material. 

The toolroom stockkeeper should have under his charge all small 
hand and portable tools used by the construction and distribution 
crews. Where storage space permits, he should also have under 
his jurisdiction the larger tools, such as portable manhole pumps, 
welding carts, converor trucks, etc. 


Method of Operation 


To minimize clerical work, the tools should be divided into the 
following classes: 


1. New Tools: These are to be carried in the “Material Supply” 
account and should be stored, preferably, in steel cabinets under 
lock, in a separate section of the toolroom. 


2. Departmental Tools: Under this heading come all special 
tools used only by a certain department; they are charged to the 
tool account of that particular department. 


3. General Tools: These are charged to the general tool order 
and are temporarily loaned to all departments, upon demand. The 
cost of these tools, as well as the expense of operating the toolroom, 
is charged on a pro-rated basis to all departmental tool accounts. 


Toolroom Control 


Upon receipt, all company tools are stenciled, or branded, with the 
company’s name, to prevent theft; or in the event of loss, the name 
offers an opportunity to identify ownership. 

The superintendents of the various departments furnish the 
storekeeper a list of the employees in their departments who are 
authorized to withdraw tools from the toolroom. Each of these 
employees is given a set of 10 tool checks, numbered serially (10 
checks to each serial number). 

The tool checks are 1% inches in diameter, made of “¢ inch 
thick aluminum and marked with the company’s name. 

The toolroom stockkeeper maintains a loose-leaf tool log book, 
in which the pages are numbered serially and on each page is the 
name of the employee to whom the tool checks, with corresponding 
serial numbers, were assigned and also the department in which 
he works. 

When a tool check is presented for tools, the toolroom attendant 
enters in the tool log book, the date, quantity and the description 


* Committee Report: C. D. Weiss, chairman. San Diego Cons. G. & E. Co; 
W. De Waard, San Diego Cons. G. & E. Co.; R. V. Doage, Jr., San Diego Cons 
G. & E. Co.; R. G. Weibring, L. A. G. & E. Corp. 
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of the tools issued; after which he places the tool check on a tool 
board. Upon return of the tools, the employee is given back his 
tool check and the entry in the tool log book is cancelled. No 
entries are made in the tool book when exchanging dull tools for 
an equal number of sharp tools of the same kind. 

The toolroom log book is checked each week to ascertain if the 
tools that have been issued on tool checks for temporary or emer- 
gency use are still required. This frequent check and inspection 
of tools is valuable as an accident prevention measure. 

The above system of tool distribution has been found to be very 
satisfactory, as the toolroom stockkeeper knows, at all times, what 
tools are out and the name of the employee who withdrew them. 

Each month a written statement is rendered to the department 
superintendents, showing the tools withdrawn from the toolroom on 
toolchecks, which have been out longer than 30 days, either because 
they are still in use, or on account of loss, or neglect to return them. 
The department superintendent involved either arranges for the 
return of the tools immediately or furnishes the proper charge 
account to clear the tool log record. 


Departmental Tool Equipment 


The regular tool equipment for the construction, meter and main- 
tenance crews and departmental shops, are charged out on store- 
room requisition forms to the departmental tool accounts. <A 
permanent loose leaf record is kept of such tools. Additional tools 
required from time to time are also posted on this form. ‘These 
tools are checked annually, which not only tends to make the men 
more careful, but also affords an opportunity to have defective 
tools exchanged. 

The toolroom stockkeeper does not issue new tools, unless the 
broken or wornout tools are presented in exchange, except upon 
written order from the department superintendent, or his assistant. 
On all warehouse requisitions for tools, there is a notation, covering 
the reason for issuance, such as “Old tools returned,” “Broken,” 
“Wornout,” “Lost,” or “Stolen.” 


Maintenance and Reclamation 

All tools returned to the toolroom are inspected before being 
placed back in stock. The toolroom attendant makes minor repairs, 
but the sharpening and tempering of tools, as well as major repairs, 
is turned over to the machine or blacksmith shop, where there is 
the proper equipment for this work and where experienced tool 
dressers and mechanics are employed. 

Exhibit K shows the construction details of the pick trucks, which 
have been found convenient for handling the picks from the trucks 
to the blacksmith shop and the toolroom. Figure 4 shows these 
trucks in the toolroom. 

The dull picks and bars are first heated in a gas fired furnace 
and then sharpened in a pneumatically operated drill sharpening 
machine, equipped with specially designed forming blocks, dies and 
dollies. Figs. 8, 9, 10 and 11 show these operations. 
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Fig. 2. Method of storing hacksaws, 
bolt cutters, draw knives, drills, bits, 
chain blocks and tapping machines. 


Fig. 1. Storage of digging bars. 
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Saw filing machines, as shown in Fig. 13 and 14 reduce the cost 
of re-filing hand and band saws and the large circular saws. 

Repairs to all tools are charged to the department tool account 
which had the use of the tools. 

It has been found profitable to reclaim certain small hand tools, 
such as shovels with broken handles, pipe wrenches with broken 
jaws or springs, worn-out stocks and dies, pipe vices, etc. 


Accounting 
The following accounting system has been found practical and 
adequate. 


Clearing Account “A”: This account covers the cost of all hand 
and portable tools used in the Gas Production Department and 
includes the expense of replacements and repairs. The Accounting 
Department clears this account each month to all gas production 
repair orders on a labor basis. 


Clearing Account “B”: This account covers the cost of all hand 
and portable tools used by the Gas Distribution Department and is 
cleared by the accounting department to maintenance and construc- 
tion work orders on a labor basis. 


Clearing Account “C”: This account covers the cost of all hand 
and portable tools used in the Gas Meter Shop and also includes 
the expense of tool replacements and repairs used on consumers’ 
meters, repairs to consumers’ regulators and repairs to district reg- 
ulators, on a labor basis. 


Clearing Account “D”; This is a general toolroom account and 
to it is charged the cost of operating the toolroom and the cost of 
hand and portable tools issued from stock to the toolroom, for 
general use. The charges against this account are cleared monthly, 
to the departmental tool accounts on a basis of the tool expenditures 
against such accounts. 

The cost of tools used in the various shops is charged to the 
operating account of the shop in which the tools are issued. These 
accounts are cleared by adding a fixed percentage, as tool expense, 
to all work done in that particular shop. 

The expensive tools and equipment, such as air compressors, 
concrete mixers, ditch digging machines, backfillers, tractors, cranes. 
etc., are charged to appropriate capital investment accounts at the 
time of purchase. An hourly rental basis is charged for use of 
such tools to cover the total cost of operation. 


Alternative Method for Charging Out Tools 


An alternative method of charging out tools is that in use by the 
Los Angeles Gas and Electric Corp. In order to draw tools from 
the toolroom it is necessary that an employee tender a properly 
signed requisition. This is also true when returning a tool. ‘hese 
requisitions are checked each morning by the toolkeeper and for- 


<>” 
a 
 # 


Fig. 3. Storage of shovels and spades. 
Similar type of racks is used for stor- 
ing rakes, forks and hoes. 
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warded to the tool clerk who makes the proper entries against the 
employee’s record. 

When a tool becomes unfit for use an exchange is made involv- 
ing no paper. Should the tool be beyond repair it is junked; how- 
ever, if it is possible to repair the tool and restore it to first class 
working condition it is repaired and placed in stock. 

Certain tools such as large pipe dies, ladders etc. which are not 
regular equipment are issued on a properly signed loan order. 
These orders are checked daily and should a loan order be 10 days 
old, a notice is forwarded to the employee drawing the tools to 
return same or give reason for not doing so. Should it be necessary 
to keep the tool longer than 10 days the employee is required to 
issue a new loan order. In this way no loan order remains in the 


files longer than 10 days. 
Forms referred to above properly filled out are shown in Exhibits 


T, U and V. 


Fig. 4. Picks are stored in metal-lined 

boxes and are readily moved to load- 

ing platform or to blacksmith shop. 

Upper shelf is used for storing gads 
and drill steel. 
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Fig. 5. Method of storing hammers, 
sledges and chains. 
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Fig. 5-A. Standard steel shelving for 
storing nipples. 


a RRR is iia. 


Fig. 6. Type of rack used for storing long tools, such as 
straightedges, shovel handles, collapsible barrier signs, etc. 


Fig. 7. Drawer inserts beneath issuing counter for storage 
of small tool repair parts and miscellaneous supplies. 
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Fig. 8. An artificial gas furnace (manufactured in San Diego Consoli- Fig. 9. Illustrates the use of a steady rest when heating long bars 

dated Gas and Electric Co.’s own blacksmith shop) used for heating gas furnace. A davit type swinging support facilitates the handling 

points of picks, bars, gads, drills, etc. The tempering tank is located to bars when tempering or finishing points. In the left corner is 

the right of the furnace. Boxes mounted on casters for handitng picks furnace for heating automotive vehicle springs and annealing of 
to and from toolroom are metal-lined. steel, 


~ 
a 


Fig. 10. Sharpening picks with Ingersoll-Rand ‘1g. . Sharpening digging bars. Fig. 10. Sharpening picks with Ingersoll-Rand 
drill sharpener. ; work bench in toolroom, and the equipment for 

sharpening drills, branding tools, cleaning and 

washing lanterns, and for making minor repairs. 


Foley motor-driven automatic saw-fling machinz, for filing ‘ig. 14. Electric driven automatic saw filing machine, for 
hand saws, crosscut saws and band saws. saws up to.48 inches in diameter. 
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Exhibit A. Bin arrangement for storage of digging bars, 
drill steel, etc. (See Fig. 1). 
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Exhibit B. Bin arrangement for storage of sledgehammers. 
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Exhibit C. Bin arrangement for storage of hacksaws. Similar 
arrangement for draw knives and bolt cutters. 
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FRONT ELEVATION 


Exhibit D. Bin arrangement for storage of wood chisels (See 


Fig. 2). 
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Exhibit E. Bin arrangement for storage of gads pointed and 


chisel (See Fig. 4). 
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Exhibit F. Bin arrangement for storage of drills, bits and 


taps (See Fig. 2). 
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Exhibit P. Bin arrangement for storage of drawknives and 
hammers (See Fig. 5). 
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Exhibit Q. Bin arrangement for storage 


ropes. 
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Exhibit R. Durand type rack for storage of pike poles and 
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of tackle blocks and 
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spoon shovels (See Fig. 6). 
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Los Angeles Gas and Electric Corporation 
Loan ORDER 
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ts Exhibit V. 
i % ; a gk 
| - Satearatan ae = INTERIOR PIPE CLEANING TOOLS 
i From time more or less immemorial, a source of constant expense 
ae xef : | Peet od and trouble in gas meter and regulatory maintenance has been 
—i accumulations of particles of various iron compounds, in the pas- 


sageways. The deductions from continued observations are that 
these particles are carried along in the mains and services, with 
the gas stream, and are deposited at points where reductions in 
pressure occur. The particles score valve faces and their seats 
and create stoppages. 


A study of the particles indicates that, while they are oxides of 
iron, they are not common, rust from steel pipe. The theory has 
been advanced that the accumulations are particles of mill scale, 
which have been rolled into the steel wall of the pipe and which 
are attacked and loosened by the weak sulphuric acid action of the 
gas. The logical method to combat this destructive action is to 


Exhibit S. Drawer inserts—bin storage for small materials 
(See Fig. 7). 


Los ANGELES GAS AND ELECTRIC CORPORATION sali 
TO THE STOREKEEPER etna pre OO. clean the internal surfaces of the steel pipe before it is laid. 
Please deliver to bearer the following maternal THAN ONE ACCOUNT ON SAME ORDER ST PSY ‘ . . 
sa MATERIAL ORDERED FROM STOREKEEPER MATERIAL ISSUED BY STOREKEEPER =~” In the larger diameters, the cleaning operations offer no difficul- 
~~ euawriny | oescmtion senvcues cuanrity [oxscawron] _amncces ties, as ordinary flue cleaners or sand blast jets can be used. How- 
aa L| 00 F faa Atal | ere ever, when diameters of 134-inch and under must be cleaned, 
d\n Bate | sia special apparatus is required. 
perce ao “ale, Yeon THREW), Ry-OMRES Ae ree on : ; . 
_.._-¢_|_ | ladda BAr The following paragraphs describe the methods and equipment 
ac AB Bs Op Can ‘See : used by the San Diego Consolidated Gas and Electric Co. in reduc- 
———-4_| __ fa ee ee ing the evil effects from the mill scale accumulations. 
aeeerenits ache, ——— -; -———-—-- -——-  — . : Fi 2. 
RRS SS Skits SS eee ee BE nes For pipe sizes of 2-inch and 14-inch, a small compressed air 
RRC RAGES a we 5 — ——_-—— operated LaGonda flue cleaning machine of standard type, is used. 
EE! OOS WT oma _ The outfit is illustrated in Fig. 15. At the extreme left can be seen 
ir eaen eas. ae | the hose connection to the air motor housed in the long cylindrical 
€ Mevp : 
tcation of fom | nnn tenet ty Atle Fete portion. At the right hand end is the cutter head. As this head is 
we Stat G...--o auth J revolved at a high speed by the motor the three arms, carrying the 


To he charged a #Bz Ace, | . ‘<< ” ; 
_Gebrcrne Seraates ! menstoet ty Geel ae. gear-like or toothed ‘star” cutters, are thrown out by centrifugal 
force. The cutters strike the interior walls and loosen the mill scale. 


Exhibit T. The air exhausted from the motor blows the loosened scale and 
any dirt out the far end of the pipe. 


Fig. 16 shows the cleaner being inserted in the end of a length 
of 2-inch pipe to start the cleaning operation and illustrates the 
method employed. The cutter and motor are fed into the pipe by 
hand by means of the hose, until the mid-point of the pipe is 
reached. The cleaner is then withdrawn, and the operations are 


ne as repeated until all the pipe in the stack are cleaned one-half way 

TO vee STOREHEEPER: sisnlinsiene Seiad avout? anropan through, then the cleaner is moved to the other end and the remain- 
eceeseny gates ones nese manga eaten canes aE ERE Fo cme reel salina der of each length is similarly cleaned, the lengths averaging 20 
M/ TERIAL RETURNED TO STOREKEEPER MATERIAL RECEIVED BY STOREKEEPER feet. In order to lubricate the air, motor oil is fed into the air 
ecceeatieh memnantions SED meentionsiene WE stream by a sight feed lubricator, mounted on‘a standard. ‘This 
——-5- « | | SRR Saga: yi ae amma greene — can be seem in Fig. 16. A light grade of engine oil is used, and 
CU AY BR 4g |Ae: an not only does the oil lubricate the air motor, but, being carried out 
in the exhaust, coats the cleaned surface of the pipe with a film 


of oil. This coating has a beneficial effect of retarding rusting. 


The diameters of this air motor and the cutter head are too large 
to pass through 1%-inch diameter pipe. To clean this size, a smaller 
air motor, shown in Fig. 15 was obtained. To the shaft of this air 
motor are attached first a universa! joint, then a stem on which are 


OEPARTMENT _ < Py Sry, . : : 
cnom waar vee een Ev. __. } avove aurvenss ov a... mounted two cylindrical cutters. The method of operation is sim- 
aN Se Wiretap , ilar to that employed in the cleaning of 134 and 2-inch pipe. 
ee fon , osm a 7 Fig. 17 is a photograph of the pile of scale removed from the 
Be ES a interior of two lengths (approximately 40 feet) of 1%-inch pipe. 
be This accumulation was collected by placing cloth bags over the 
Exhibit U. opposite end of the pipe. Fig. 18 shows a tub full of scale and 


foreign matter which was taken out of a batch of pipe. 


For the cleaning of 1-inch and 34-inch pipe, miniature air motors 
have recently been developed,’ which will pass through the internal 
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Fig. 15. (Upper) Lagonda air motor with cutters for clean- 
ing 1\%4-in. pipe. (Lower) Lagonda air motor with head, 
arms and “Star” cutters for cleaning 1'%2-in. and 2-tn. pipe. 


Fig. 17. Showing the quantity of mill scale and extraneous 
materials removed from the interior of two lengths of 1%- 


in. pipe. 


Fig. 16. Illustrating method used in cleaning the internal 
surfaces of small pipe with the Lagonda air motor. At the 
right 1s the lubricator, dropping oil into the air stream. 


Fig. 18. A tub full of mill scale collected from the cleaning 
operations. 
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Fig. 19. Liberty Mfg. Co. type “OS” air-operated tool for remov- 
ing mill scale from interval surface of 34-inch steel pipe. 


diameters of the pipes. One of these is illustrated in the drawing, 
Fig. 19. To the flexible shaft, coupled to the motor shaft is attached 
a “cone” or rounded cutter, which apparently is very effective in 
removing the scale. Similar cutters and flexible shafts will be tried 
with the larger motors and may replace the cutter head with star 
cutters or the cylindrical cutters and universal joint. 


With the apparatus in its present stage of development, it is 
figured that one man can satisfactorily clean 3,000 lineal feet of pipe 
in an 8-hour day. This will give a cost for the internal cleaning 
of less than 1/3 of a cent per foot, exclusive of the cost of com- 
pressed air used. The expenditure is considered to be well war- 


ranted. = si 


Domestic Meters* 


problems which it was felt would be of the greatest current 
interest and value to the member companies. 

To the end that the subjects might be placed in the hands of those 
men whose experience and facilities best enabled them to pursue the 
studies, the activity was divided into the following major assign- 
ments. 

Otto Goldkamp of the San Diego Consolidated Gas and Electric 
Co. presents a comprehensive discussion on 
the subject of “Diaphragm Oils,” which goes 
far towards clarifying the various phases of 
this problem, and points the way to further 
study along logical lines, 

H. M. Crawford of the Los Angeles Gas 
& Electric Corp. contributes valuable in- 
formation and data on “The Trend of Meter 
Accuracies Following Conversion from 2 
Manufactured to a Natural Gas.” This 
paper is particularly timely, and the means 
and methods employed in insuring continued 
accurate meter rgeistration should be of gen- 
eral interest. 

F. A. Hough of Southern Counties Gas 
Co. has made extensive tests and studies, 
with a view to determining the effect of tem- 
peratures on meter registration. At this 


*Committee Report. D. E. Farmer, Chairman, Portland Gas & Coke Co.: H. M. 
Crawford, L. A. G. & E. Corp.; F. H. Cable, So. Calif. Gas Co.; Otto Goldkamp, 
San Diego Consol. G. & E. Co.; F. A. Hough, So. Counties Gas Co. 


g o- Committee this year was organized to study those meter 


D. E. Farmer 
Chairman 
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writing the results have been somewhat inconclusive, and will not 
be published, but they do assure that eventually an exhaustive and 
conclusive report can be made on the subject. 


DIAPHRAGM OILSt 


UNDAMENTALLY, the proper functioning of gas meters over 

reasonable periods is dependent upon the quality and durabil- 

ity of their diaphragms. Experience has shown us that many es- 
sential factors enter into their fabrications, if accurate mesaurement 
is to be maintained on meters installed under varied conditions of 
exposure. Indications are that some consideration should be given 
to variations in temperature and the changing characteristics of the 
gas being measured. 

Inaccuracy in gas meters for no accountable mechanical reason 
is not entirely an uncommon occurrence, although it is admitted that 
conventional dry displacement meters, when properly maintained, 
are highly efhcient and thoroughly satisfactory measuring devices 
and comparable to the best equipment used in dispensing other kinds 
of commodities. However, we believe that much can be done to- 
ward bringing a higher percentage of meter proofs within the 
legally correct column, when such meters are returned from service. 


We all know that meters in California are more or less exposed 
to-the elements, some of our communities having installed meters 
on the west, south, and east sides of buildings, unprotected from the 
direct rays of the sun. These meters absorb heat, causing a thermal 
differential of as much as 100° F. or more within the meter. Inves- 
tigations indicate that temperature changes from 40° F. to 140° F. 
take place during the warmer months of the year. We believe that 
these conditions are the major factors causing the majority of such 
meters to drift to the fast side. Such drifting very seldom causes 
an average permanent error of more than 3% or 4 per cent and 
probably cannot be considered as a very serious problem, since Gen- 
eral Order 58 of the Railroad Commission of the State of California 
provides for the rebating of excess charges incurred. However, it 
certainly is irritating and causes some expense which might be 
partially eliminated. We do not get much satisfaction when we 
look over a statistical report on meter accuracy and note that any- 
where from 10 to 35 per cent of the meter proofs were not included 
in the legally correct column because of such a small error. 


We believe that much can be done toward obtaining a higher 
degree of accuracy without a great deal of expense by doing a little 
research work, with particular attention to proper seasoning of the 
leather of the diaphragms and proper treatment with oils more 
suitable than those commonly used heretofore. The San Diego 
Consolidated Gas and Electric Co. has made some preliminary 
tests upon gas meter diaphragms that indicate that certain possi- 
bilities toward augmentation of meter accuracy are obtainable. 


Upon first consideration, it would appear quite obvious that the 
solution of this problem could have been found in providing a 
housing or box as a protection to the meter. However, past experi- 
ence has shown that meter boxes of the usual type of construction 
are hardly effective enough to warrant the first cost and the neces- 
sary future maintenance. Reference may be made to the tempera- 
ture curves published in the Proceedings of the Pacific Coast Gas 
Association for the year 1928, page 412, under the caption of “Meter 
Box Temperature Tests’. These curves do not cover the range 
heretofore mentioned in this paper but are indicative of the con- 
ditions as a whole. Meter boxes, however, mitigate somewhat the 
physical changes of the gas due to temperature. We feel that the 
plus or minus quantities of gas delivered, when compared to stand- 
ard conditions, average off fairly well, due to the changing tem- 
peratures of the different seasons of the year. The use of meter 
boxes from the standnoint of economics is hardly warranted. What 
should be of most concern is the permanent error introduced into 
the meter by the high temperatures. 

Such work and development as has been accomplished by us 
along these lines indicate that all vegetable, marine and animal 
fats commonly used for diaphragm dressing are unsatisfactory, 
probably because of their high vapor tension, which leaves the 
diaphragms somewhat dry and the leathers less pliable. Thus, 
wrinkles are introduced and the displacement is lowered, causing 
a permanent, fast error. 

In many instances, oils of the organic group—when used as a 
diaphragm dressing—appear under certain conditions to turn rancid, 
and fungus growth is often introduced; also, saponification has 
been noted. It is quite obvious that these developments come from 
the changes in the bacteriological arrangements of either the oil or 
possibly the leather. When speaking of organic oils, we are re- 
ferring to those oils originating from vegetable, marine and animal 
fats. To our mind, all of the aforementioned factors are of great 
importance if we are to have a more permanent accurate measure- 
ment of displacement, which is dependent upon a durable fixed 
pliability and size of the diaphragms. These qualifications are 


tSubmitted by Otto Goldkamp, San Diego Consolidated Gas and Electric Co. 
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TABLE NO. 1. 
Method: 


ling flask with side arm, making use of a glass air cool 


100 cc. of the oil were distilled from a Pyrex distil- 
con- 


FRACTIONAL DISTILLATION OF METER DIAPHRAGM OILS, FATS, AND WAXES 


vapors leaving the flask should not drop at any time, and (b) 
the distillate dropped into the graduated flask at the rate of 1 or 


denser tube. Readings of the thermometer were made as the 2 drops per second. All of the animal and vegetable products 
distillate, collected in the same graduate used to measure the oil decomposed during distillation with the formation of acrolein. The 
originally, passed each 5 cc. mark. The heat applied to the mineral oils usually reached a maximum temperature before 
distilling flask was so regulated that (a) the temperature of the cracking. 
KIND OF OIL TEMPERATURE (°C) OF VAPORS IZAVING #LASK WHEN DISTILLATE RECOVERED RquaIS Sexe TEM 
? cf - ‘ Zz ‘ ‘ 
cus whexshik nia 5 10% 15% 20% 25% 30% 35% 404 45% 50% 55% 60% 65% 70% 75% 80% 85% 90% 95% 
Coconut Vil 277 288 296 301 305 312 316 320 315 320 326 332 335 340 344 343 346 348 --- 348 ge 
Mutton Tallow 300 312 314 317 318 Jos =-- 323 331 332 336 338 344 347 H7b 348 346 --— --- 348 = se 
Crisco 291 301 307 312 314 316 323 324 326 332 335 340 --- 340 350 356 361 --- --= 361 89 
Cod Liver Oil 235 303 302 310 305 310 316 327 332 338 342 341 346 350 368 378 382 --- --- 382 
Neatsfoot Cil 290 298 313 320 324 326 330 332 331 333 336 340 346 341 339 340 342 353 --- 353 91 
Olive Vil 289 304 312 319 322 324 328° 332 333 338 344 348 350 352 352 352 360 347 --- 360 91 
Sweet Almond Oil w-=-= 280 290 300 312 318 324 336 340 --— 340 340 on= 370 376 wne one one on= 376 76 
C.#, Dressing 234 314 328 337 335 339 om- 347 348 348 350 352 355 355 356 358 360 --- --- 360 88 
MEDIUK LOW BOILING POLIT 
Zerolene Valve Oil 296 307 315 320 325 328 333 337 342 344 349 356 360 367 374 7s 400 418 418 99.5 
Pyroil *°A" 238 260 280 305 320 330 338 346 352 357 362 365 373 380 386 396 402 414 412 415 99 
MEDIUM BOILING POINT 
Castor Oil 320 329 336 340 344 346 351 354 355 366 373 380 3043 391 392 401 412 419 419 419 9%. 
“Glycoline” Paraffin O11 316 328 337 342 348 352 354 360 367 370 375 377 386 306 326 w-=-.416 426 432 432 #4100 
seeswax , 318 334 342 350 352 360 362 363 302 367 369 370 374 375 378 378 379 375 --- 379 =o 
Socony, SeAsE. #50 --= 314 340 351 358 362 363 365 368 369 3fe 80 336 33 390 390 390 390 --=- 390 Je 
Motorite GAB #30 ( High Outs) 354 360 362 362 362 --- 364 364 364 364 380 380 3 394 396 396 396 356 396 96 
Carnauba Wax 290 337 360 364 371 374 --- 374 379 380 381 361 384 388 390 390 390 390 =--= 390 Je 
HKIGH BOILING POINT 
Vaseline 348 356 364 374 --- 378 386 --- 388 --- 390 390 394 396 396 --- 406 408 --- 408 94 
turbine Oil, Dearborn 358 371 374 382 386 388 336 396 398 400 402 404 406 407 410 4114 411 412 414 414 100 
No-OX-id 364 376 376 3 388 3 335 336 398 402 404 408 410 --- 412 414 416 --- 416 418 418 
wotorite S.A.Z. #30 352 355 372 378 382 385 386 396 400 404 408 410 412 414 419 422 430 436 438 438 23 
wotorite SeAeEe #50 340 360 372 38c 368 398 400 =-- 400 400 406 410 =-- 412 414 414 416 420 422 422 9 
lub. Oil, Dearborn <= 356 =e 377 enc 386 on- 392 ene 395 one 402 n= 406 n= 410 on~ 414 on 414 32 


(A.J-Carr Letter 
2/3/32) 
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difficult to maintain, if the leather dressings used on the diaphragms 
are not of a more permanent or stable nature than organic oils 
afford. 

In order to speed up our investigation and to determine the oils 
having the necessary temperature qualifications, we constructed an 
electric oven with a thermostatic control, capable of producing 
conditions as nearly comparable as possible with those existing in 
the field. This oven is so arranged that four gas meters can be 
installed, and gas passed through them continuously. Tests were 
run on meters equipped with diaphragms treated with a number of 
different kinds of oils, including the so-called “mineral oil”. The 
term “mineral oil”, as we refer to it in this discussion, includes 
only petroleum products of the lubricating class. These and other 
experimental tests appear to indicate that mineral oils have certain 
advantages. Incidentally, all of the organic oils or waxes have 
relatively low boiling points; reference may be made to Fig. 1, 
which gives an idea of what happens to the proof of a meter hav- 
ing diaphragms treated with a group of different oils, when sub- 
jected to a temperature of 140° F. for 200 hours or more. 

There is a great deal of work to be done with reference to this 
problem of diaphragm dressings in regard to the methods of 
analysis for classifying purposes. The problem probably can best 
be attacked by dealing with such related subjects as specific grav- 
ity, viscosity, surface tension, cold test, volatility, penetration, and 
other general chemical tests such as vapor tension, absorption of 
hydrocarbons, acidity, water content, saponifiable and unsaponi- 
fiable characteristics, etc. In other words, the ideal dressing for 
diaphragms, if found, should be graded according to the conven- 
tional methods of identification. The small amount of work done 
by us so far deals only with boiling points and their apparent in- 
dicative relation to meter accuracy. For general information, Table 
No. 1 gives results on fractional distillation of meter diaphragm 
oils, fats, and waxes. 

As time is essentially necessary to work out a solution, definite 
conclusions have not been attempted in this paper. Discussion, 
data, and curves are not set forth as fundamentals but merely as 
= which might be helpful toward gaining the desired 
result. 


TREND OF METER ACCURACIES FOLLOWING 
CONVERSION FROM A MANUFACTURED 
TO A NATURAL GAS* 


HE effects upon the accuracy of gas meters resulting from a 
change-over from a mixed gas, part manufactured oil and 
part natural, to a straight natural gas, have been very marked 
in the case of the Los Angeles Gas and Electric Corp. As a con- 
sequence a very definite betterment in registration has been had, 
along with a certain degree of success in the actual control of the 
improvement enjoyed. The change-over was made in January, 
1927, and it is from this time that all major variations in registra- 
tion date. 
Prior to January 1927, the mixed gas metered to the consumer 
had the following average chemical analysis: 


6.6% 
0.6% ITll.— CaHan 
0.5% Os 

15.3% 
4.0% 
9.1% 
61.5% 
2.47% Ne 


Calculated B.t.u. — 859 
Specific Gravity — 0.642 


100.0% 
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An inspection of Table No. 1, for the years 1923, 1924, 1925 and 
1926, allows a very nice conception of meter conditions for the sys- 
tem before the introduction of a straight natural gas. This period 
shows a slight decrease in the percentage of “D.R.” and “Slow” 
meters, and a slight increase in the percentage of “OK” and “Fast” 
meters. The per cent inaccuracy of all meters remained practically 
constant for the period. 

An average chemical analysis of the natural gas metered sub- 
sequent to January 1927, follows: 


0.2% CO: 

0.0% Os 
13.5% C2He 
85.0% CH, 

1.3% Ne 


Calculated B.t.u. — 1,100 
Specific Gravity — 0.63 


100.0% 


The accuracy record for the year 1927, which includes meters 
which had been metering natural gas up to one year, began to show 
the effect of the change-over. The percentages are as follows: 
“D. R.” meters remained constant; slow and “OK” meters decreased 
while the fast meters increased abruptly to an unprecedented ex- 
tent. The percentage inaccuracy increased proportionally to the 
fast meters. 

The record for the year 1928 shows a continuation of the fast 
trend of the year 1927, except that “D.R.” meters decreased slight- 
ly while “OK” meters increased. The percentage inaccuracy in- 
crased to approximately 1 per cent during this year. 

The records for the years subsequent to 1928 show a steady 
“D.R.” and slow percentage with an increase of the “OK” at the 
expense of the fast meters. The percentage inaccuracy shows a 
corresponding decrease for these last few years. 

The cause of the increase in slow meters for the year 1931, as 
shown in Table No. 1, has been ascertained, and is in no way a 
result of the change-over. 

Figs. 1, 2, and 3 on “Summary of Meter Tests” are curves drawn 
from the values in Table No. 1. The curves represented are per- 
centages plotted versus years for “OK”, “D.R.”, slow and fast, and 
total meters and Average Meter Age versus Years for the period 
1923-1931 inclusive. These curves are graphic representations of 
the summary already given. The curve of Average Meter Age in 
Years (Fig. 1) gives the average age of incoming meters for each 
year, and as may be seen, with the exception of the year 1923, this 
is increasing each year. It shows the average meter remains on the 
consumer’s premise five years at the present time; a very good aver- 
age in view of the Old Age Change period of six years. It is 
quite remarkable that, in spite of the longer years of active service, 
the average meter shows increases in accuracy. 

Another accuracy comparison, through the years, may be had 
from an inspection of the curve showing the “Average Per Cent 
Error of Gas Meters” both by monthly and yearly recapitulations 
(Fig. 2). These curves also show the improvement in accuracy 
from a slow registration during the years 1924, 5, 6 and 1927, to a 
fast registration in 1928, and back to an overall per cent of very 
near zero in 1929-30 and 1931. 

The table, together with the summary and curves given, shows 
that the outstanding feature which may be charged to this altera- 
tion in operation was the speeding up in registration of all meters 
in the system. The importance of this trend from the utility view- 
point may be realized when it is known that the total increase was 
approximately 244 per cent for all meters, which represents $400,000 


*Submitted by H. M. Crawford, Los Angeles Gas and Electric Corp. 


TABLE NO. 1—SUMMARY OF METER TESTS 
Los Angeles Gas and Electric Corporation, Entire System 


All Meters % 
No. of Me mm SLOW OK FAST Inaccuracy 
Year Meters No %o No. % No To No. % of All Meters 
SERS MIS Ee ea ten 73,300 3,796 5.1 23,277 31.6 27,321 37.2 19,006 26.1 — 1.50 
a a 31,700 2,148 6.5 7,724 24.6 13,925 43.9 7,913 25.0 — 1.20 
REI Se 6 IE a 53,836 2,315 4.3 12,917 24.0 25,060 46.5 13,544 25.2 — 1.18 
a i 58,532 1,799 3.1 14,588 24.9 26,321 44.9 15,824 27.1 — 1.36 
a ae 64,845 2,057 3.1 12,476 19.2 25,546 39.4 24,766 38.3 — 0.26 
OOS IEEE ES 96,150 1,643 1.7 9224 9.6 44380 462 40903 425 +1111 
gE Sa REE ATER ee Sart 49,059 1,429 2.9 4,828 9.9 31,615 64.4 11,187 22.8 + 0.11 
eg URS ER So AARNE 4 Ost 7 RP i 74,907 1,674 2.3 5,758 7.7 54,699 73.1 12,776 17.1 + 0.08 
NTE aeuaabuanstl 67,160 1,252 1.8 8,085 12.0 48,250 71.9 9,573 14.3 — 0.07 
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in annual gross income in this corporation. The actual amount of proof must be charged to the introduction of natural gas into a sys- 

the increase in dollars is, of course, dependent upon the size of the tem which previously metered a mixed gas, the correction of this 

operating company. tendency and the stabilization of it must be credited directly to the 
However, it must be remembered that while the speeding up in gas distribution department of the corporation. 
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PERCENTAGE OF TOTAL METERS TESTED 


The speeding up in proof of gas meters in the distribution system 
was a direct result of the introduction of a very dry natural gas 
in the place of a gas which was comparatively wet. An idea of the 
comparatvie humidities of these two gases may be had by a study 
of Table No. 2. This table gives the amounts of water pumped 
from various points in the distribution system only for the years 
1924 to 1931 inclusive. As may be seen, much less water was 
pumped during the period after the introduction of natural gas than 
the period previous to its introduction. 

The effect of this very dry gas upon the system as a whole, was 
the rapid dehydration or drying of pipe joints, valve packings and 
all equipment or parts of equipment which had absorbed moisture 
from the old mixed gas regime, and resulted in the discovery of a 
rapidly increasing unaccounted-for gas problem. In_ particular, 
however, pertinent to this report, the result was a rapid drying or 
leaching of meter diaphragms with a resulting decreased displace- 
ment per stroke and, therefor, a speeding up in proof. The meter 
diaphragms are made from high grade sheepskin, carefully tanned 
and treated with various leather preservatives and gas resistant 
oils. When placed in meters and exposed to the action of the mixed 
gas metered prior to January 1927, the diaphragms absorbed some 
moisture in the form of liquid hydrocarbons condensed from the gas, 
condensed water vapor, and even some of the neutral oil placed in 
the cases of meters. The corrosive action of these liquids resulted 
in the average meter accuracy shown in the accompanying curves 
for the periods prior to 1927. 

In order that a better understandnig might be obtained of the 
changes which occurred immediately following the introduction of 
natural gas, the curves shown in Fig. 3, “Summary of Meter Tests’, 
plotted by months, have been included. From this nest of curves 
an analytical chronological study of the situation may be made. 

These curves picture the almost steady proof of incoming meters 


TABLE NO. 2—DISTRIBUTION DRIPPAGE RECOVERY 


a 


Drippage 
Year Gals. H2O 
BE ie leeinpsidanseinicaeneunostconntinniedabliaiianionicias snsidniibennpiiiiehamiecsipliaiinia iiss sia 232,635 
RII 2 Acti aks sitnih csanhimentnaivbicnnopecnaunainip lnitinision ohisciniinlliilaipisielamiediiindiatibiesihie 206,894 
RE iis ic canis hhcte sede dieacinvekichinoacahctilaAbabtinisesuniainleiminianaannideletanlilahdaiginiicactonibebned 173,372 
a ta alban bases oa tiiapatepians-tamesatesaiendin 50,706 
DUN: shidnnthinsicedihinibiees leipcespibaiacsst 12,940 
UN Sibir ennai facia th daniplendiaieiieckenatapsiatiannteonemascinsaeedeiaeies sdinthlihasinistniehtehigul 86,776 
UIE ceeded ncaplicigetniniatpannoticunsisiets counties edbipsleidibimnindionaianine cas 22,702 
BE ciisak ncn ds caldect linictedidcanescinandnonnidinnmtaienitiaasctibnipanBblanetiieniaecsis 28,930 


prior to January 1927. The percentage of fast and slow meters 
approximated 25 per cent, while the OK meters fluctuated very 
little, remaining at about 45 per cent of the total. However, the 
first month following the change-over, the picture was changed. 
Both the slow and the OK percentages show the beginning of a de- 
cline, steady in the case of the slow meters until 1931, but in the 
case of the OK meters continued only until July 1927. The outstand- 
ing fluctuation was the rapid increase of the percentages of fast 
meters, caused, of course, by dehydration of the meter diaphragms. 
The increase was from 25 per cent of the total in February 1927 
to 49 per cent in July 1927. The corresponding decrease in the 
percentage of OK meters was from 44 per cent to 31 per cent, a 
truly alarming situation, wholly unprecedented in the history of 
this corporation. 

The process of dehydration was checked almost instantly by the 
introduction of water in the form of steam into the natural gas 
mains. This procedure was begun in August 1927, and continued 
until November 1927; the input varying from approximately 70 
gals. HxO per M.M.C.F. to 33 gals. HzO per M.M.C.F. The fast 
percentages decreased from 49 per cent to 32.5 per cent during this 
period, with the OK meters showing a like increase from 31 per 
cent to 46 per cent. 

During November 1927, oil was also introduced into the gas 
along with steam; this combination process continued until March 
1928. ‘The fast meters’ percentages during this period increased 
from 32.5 per cent to 47.5 per cent. 

Steam injection was discontinued during March 1928, and the 
use only of oil continued until December 1928. This period shows 
a decrease in fast meter percentages from a maximum of 49 per 
cent to 38.5 per cent, and an increase in OK percentages from 37 
per cent to 55 per cent. 

No great success resulted from a use of oil injection alone, or 
from a combination of oil and steam, and as a result the injection 
of steam only was again resorted to in January 1929. This first 
month, 75 gals. HeO per M.M.C.F. were injected, followed by 
quantities during the succeeding months varying from 31 to 11 gals. 
H.O per M.M.C.F. This program has been maintained to the 
present date and no change is contemplated. 

Upon the re-introduction of steam only in January 1929, the fast 
meter percentages dropped from 38.5 per cent to an average of 25 
per cent, from which point the decrease has been steady to the 
present average of approximately 13 per cent. The percentage of 
OK meters has been increased correspondingly over the same period 
from 55 per cent to an average of 73 per cent. 

The remarkable feature of the entire story has been the similar- 
ity of trends of the curves of steam injected and the percentages 
of fast meters from the beginning in August 1927. From the first, 
the fast meter curve has followed the steam injection in an almost 
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uncanny manner and for the period from February 1929, until the 
present date, it has been possible to predict future conditions with 
a considerable degree of assurance, 

The total credit for this improvement in registration should not 
be given to the policy of steam injection, as natural gas in itself 
is a much nicer medium to measure than the former mixed gas, 
and, of course, has had much to do with the final results, but cer- 
tainly steam injection was the means of control which answered 
the problem in the shortest period of time. 

Other factors which have been important as far as results are 
concerned have been: the change in OK meter percentages made by 
including in this class all meters from 2 per cent slow to 2 per cent 
fast instead of from 2 per cent slow to 1 per cent fast (this change 
was made in May 1928); the improvement in meter repair shop 
practices and strict modernization policies in the replacement of 
worn and used parts. 


Governors and Regulators* 


which will have the maximum of flow capacity and still 

regulate, be accessible and economical to buy. The cost of 
regulation on a basis of unit volume passed should be considered 
when selecting a particular make. 

The selection of a type or make is a major problem which con- 
fronts the engineer every time he designs an installation. ‘To col- 
lect data from field installations would be difhcult because the 
conditions at that location may not be ex- 
actly like the one he is contemplating or to 
test that unit under similar conditions would 
be impossible because of the interruptions to 
service. 

A practical working laboratory is the only 
solution to his problems. The cost of such 
equipment is more than offset by the knowl- 
edge accumulated to the end that a more 
economical selection as to capacity can be 
made. Field conditions as to demand re- 
quirements may be_ reproduced _ exactly, 
thereby avoiding embarrassment with the 
consumer after the installation has _ been 
made. From the public relations standpoint 
: re this is a very valuable factor. Changes in 
Wm. A. Lal tolette, the size and type of a regulator in the field 

Chairman is always a costly procedure. 


Very often manufacturers have not had the facilities to test large 
units because of the fact that the gas was not available in sufficient 
quantity or pressure. They have been forced to use air in a lim- 
ited quantity which is sufhcient for smaller sizes of regulators but 
entirely inadequate for large, to the end that often due to inherent 
characteristics the data do not check entirely with the published 
tables of capacity. 

Facilities for testing both high and low pressure regulators with 
means of accurately measuring the gas are the fundamental re- 
quirements for a good practical laboratory. 


A major company on the Coast recently has installed testing 
facilities which perhaps are unsurpassed anywhere in this country. 
Fig. 1 shows the general set-up. 

There is an 8-inch line which feeds the equipment. The gas 
flows into an expansion chamber 26 inches in diameter, which 
reduces the velocity of the flow, then into three separate orifice 
meters, 6 inches in diameter, each tube being made of very accu- 
rately drawn steel tubing with suitable straightening vanes. The 
orifice plates are of monel metal with dowel pins to hold them 
concentric. The flanges are screwed on to prevent any distortion 
such as would occur if van-stoned, Special precautions were used 
to grind the ends of the static pipes to avoid turbulence. Expan- 
sion flanges were installed to take care of heat movement as well 
as to permit the removal of the plate without distorting the tube. 
Each unit has a high and low range differential recorder together 
with a water column for checking under pressure. The gauge 
pipes were welded wherever possible to prevent leakage. 


The gas then flows into another velocity reducing chamber 26 
inches in diameter, and from there through a pilot actuated regu- 
lator. This regulator has two by-passes, one 6 inches and the 
other 2 inches in diameter, for closer adjustment. These units 


Ts trend of regulator design has been to develop a unit 


*Committee Report: Wm. A. LaViolette, Chairman, P.G.&E. Co.; H. G. 
Andrews, So. Calif. Gas Co.; Otto Boyd, So. Calif. Gas Co.: W. H. Davis 
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flow into a 12-inch line; any device to be tested is placed in this 
line. Adjustment for length is obtained with a flexible coupling. 
There are two discharge lines, one 6-inch and one 12-inch, the size 
used depending on the unit being tested. 

Suitable valves are placed in this line which discharges into a 
16-inch line then to a half-million cubic foot holder which has been 
set aside for this use. When this holder is full the gas is drawn 
into other storage holders for future use; no gas is wasted. 

Included in this lay-out is a very complete set of gauges, microm- 
eters, etc., to make almost any conceivable test. As part of this set- 
up there has been installed all the necessary equipment to test 
smaller regulators such as house type, pilot regulators, etc. This 
consists essentially of a 2-inch high pressure pilot actuated regu- 
lator together with a smaller 34-inch high pressure regulator that 
delivers only to 5 pounds. For low pressure work there is a 2-inch 
spring loaded unit. 

All these regulators discharge into a pressure equalizing tank 
so that the pressure delivered to the unit being tested is kept con- 
stant. Connected to this chamber by hose is a regulator clamping 
device which is designed to fit any make of small regulator now 
made of either the vertical or horizontal type. Fig. 2 shows the 
general scheme of piping with the displacement, pressure gauges, 
water columns and control valves. 

Fig. 3 shows the clamping device and a diagram of the basic 
piping. A very important point in the testing of these small regu- 
lators is to have the inlet and outlet pressures taken at the proper 
place, that is, as close to the body as possible so that pipe line 
drop will be reduced to a minimum. Fig. 4 shows the clamping 


Fig. 1 
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Fig. 4. 
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device in a vertical position together with the inlet piping which 
is at the top directly below the hand wheel. The outlet hose can 
be seen underneath the frame on the bench. Over a thousand 
observations have been made with this arrangement, and it has 
proven entirely satisfactory. 

With the ever increasing demand for gas by the domestic con- 
sumer by the addition of furnaces and other appliances, the small 
regulator at the meter is being taxed more and more. With these 
increased loads has come greater demand on the mains, hence 
varying pressure which in turn affects the consumer’s regulator. 


There has been recently introduced a system of control for dis- 
tribution pressures in which high pressure gas is served during 
the peak hour and then low pressure is sent out during the off peak 
period. This method asks a great deal from the house type regu- 
lator. Another phase of capacity demand is in the converting of 
a district from low pressure distribution to high pressure in which 
the regulator must pass enough gas to serve the consumer at low 
pressure, yet must handle the situation when the high pressure is 
introduced into the system. With these conditions in mind the 
following test was conducted. 


The particular requirement for this test was that with a 5-pound 
inlet the regulator was to be adjusted to give 8 inches of outlet 
pressures when 30 cubic feet per hour was flowing. With this 
initial setting the flow was increased in sufhcient number of incre- 
ments to obtain an accurate curve of outlet pressure. Then with 
the adjustment unchanged the inlet was reduced to 16 inches of 
water column and the test repeated. The lockup was also tested 
at the 5-pound inlet pressure. The outlet pressure was noted after 
a 3-minute shut-off period. 


Fig. 3. 


Each manufacturer was asked to submit three samples. Each 
regulator had a %-inch orifice for this particular test. Observa- 
tions were taken on each individual unit and a curve plotted for it. 
These curves were then combined into one composite curve and 
plotted together with all the makes so that a comparison could be 
made. Fig. 5 shows this graph simplified somewhat for the pur- 
pose of reproduction. 

One very interesting fact that can be noticed on the curve is the 
difference between spring and weight loading. With no other 
consideration but pressure delivery, dead weight loading is far 
superior for this type of regulator. 


Dust Trouble in Regulators 


In addition to the capacity an important consideration of the 
house type regulator is the question of dirt stoppage and seat disc 
swelling. Excerpts from a report by a member of this committee 
are quoted as follows: 

“The chief obstruction to the proper functioning of the house 
type regulator used by western gas companies is dirt. By dirt, is 
meant any foreign object that is in the pipe, such as sand, rotary 
mud, pipe scale or cuttings from the threads or drillings. Any of 
these substances may, if present, become imbedded in the seat and 
prevent the regulator from locking up. A regulator in this condi- 
tion should be removed from service, thus necessitating an expense 
caused not only by workman’s time in the field but also shop time 
and material. Engineers of regulator manufacturing concerns have 
designed and produced a unit with a side opening and a removable 
valve seat disc and valve. With this style in use it is only a 
matter of a few minutes in the.field to remove and clean the valve 
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moval is caused by dirt trouble. The average period of service of ESTES ei odio 20S SE ai ENE EBT eM sae RE 100° C. 
the regulators removed during 1931 was 4.5 years. EE A A Ad Ce ee ae oe 116° C. 
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complaints, show that 95.4 per cent of the regulators were within EERE SPRL TERNS SG a eee tt ee eee et 137° C. 
the limits required by General Order 58 of the California Railroad er ee ee OREN hrm t a 147°C. 
Commission (4 to 12 inches). Over 86,700 regulators were tested EES 4 aR 7 tS th ar a ae rh? ue Oe 
in arriving at this figure.” ON GSEIS SEES EEA Ree) ee 166° C. 
On practically all types of regulators very little trouble is ex- : set Eee ED ede 2 i Re ear a eS 176° C. 
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pressure district regulators it will cause a build-up of from 3 ‘to 
4 inches on off-peak hours. This excess pressure on the low pres- These samples ‘were placed in the odorant oil on January 30, 
sure side will stir up dust and pipe scale, that will be carried 1931, and removed for observation on March 19, 1932, over 14 
directly to the consumer’s regulator and meter. On some house months. 
type regulators which have been removed from service the dust The results were as follows—all the materials swelled to a cer- 
was found piled up in a cone shape on the seat, allowing very tain degree. A laminated seat curled considerably due to different 
little gas to pass. coefficients of swelling of the two materials. After being removed 
ales Menke from the test tube the samples were allowed to stand for a period 
; of about 30 days and then compared with the original specimens. 
The swelling of seats in regulators has been the source of con- Three samples were softer than the originals. A composition 
siderable trouble since the advent of natural gas because of the material with a hard calendared surface showed the least expan- 
odorizing oil used. In order to determine the relative qualities of sion and the least softening. One distribution engineer states that 
valve seating material available on the market, five types of com- this composition seems to have better resistance to dust collection. 
position were tested. This committee is indebted to F. C. Jones, chief chemist of the 


Potrero Laboratory of the Pacific Gas and Electric Co. for these 
valuable tests on valve seating compositions. 

Because of the fact that all seating material softens when sub- 
jected to gas carrying odorant oil vapors, it is of paramount im- 


A sample of each material was cut in two, one was retained for 
comparison and one was placed in the odorant oil. 


The oil used was Calordorant No. 3 which had the following 


charectertaticn: portance to protect them. Liquids and dust particles that come in 
Spettte GQeavely: 5s ei as 823 contact and lodge in the seat severely hamper good regulation. 
Pas > iddicctnaedadas PAE oA ened oe 26 40.4 at 60° F. Single seated valves such as those in house type regulators have the 
meen Potet® ou. a a ee 190.4° F. ability to adjust themselves to this swelling action because if the 
Viscosity (Saybolt Universal).......... 26 seconds at 60° F. quantity of gas is restricted they merely open-up more to accom- 
UOT nck panties. Sinckicaplggeiadecu tis. c sastobieieiaccocuna 5.963% modate this enlarged condition. But in a two-valve arrangement 
FOMON itt séasiis dekdulishiguadesetaes tes vince stechabdiesiilbdihinn cesoai 32° F. where both seats must contact perfectly, it is extremely difficult 


Pere ne es es os ee ee 45° F. if dust particles have accumulated on either or both seats. 
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Dust Filters 


On all major installations where accurate regulation is impor- 
tant both from the standpoint of correct metering as in the case 
of an industrial consumer, or where positive lockup is essential, 
it is recommended that a proper gas filter and dust trap be placed 
ahead of the regulator. 


Several types have been placed on the market from time to time. 
The type with curled hair which had been previously soaked in 
oil was one of the first types to be used for high pressure work. 
This type causes high differentials if the hair is or becomes packed 
too tight. Under such conditions the catridge becomes clogged very 
quickly. Many gas companies have resorted to their own ingenuity 
and have produced some very practical filters based on experience 
and requirements of field conditions. 


The unit as now used by one company is shown in Fig. 6. This 
has been built in all sizes from 2-inch to 12-inch inlet and for 
pressures up to 500 pounds. It consists essentially of an outer shell 
to which the inlet and outlet nozzles have been welded. The path 
of the gas is shown by the arrows. Any heavy particles such as 
welding slugs, etc., drop to the bottom and any large pieces that 
might be carried along by the velocity of the gas do not come in 
contact with the filtering medium, thereby prolonging its life. 


The filter proper is constructed of a spring steel mesh cage which 
has been made spherical on the end. All joining wires have been 
welded together. This cage is in turn welded to a supporting 
frame which acts also as compressor for the sealing gasket. This 
cage is covered with Canton flannel, with the nap placed outwardly 
so that as dry dust accumulates it can drop off when stirred around 
by the gas. 

In the case of large quantities of oil being present in the gas 
where the tendency would be to mat the dirt on the cloth, wire 
screen is used as the oil assists in picking up fine dust particles. 
Provision is made for a drain valve at the bottom. 

Taps are provided on the side of both the inlet and outlet 
branches so that differential pressures may be checked periodically. 
By this method of checking, unnecessary opening of the filter is 
often avoided. 


Fig. 6. Gas filter—Pacific Gas and Electric Co. 
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In cleaning the filter all that is necessary is to remove the top 
plate, making the bag accessible for replacement or cleaning. 

The number of square inches of cloth area exposed for the various 
sizes is as follows: 


ER EOS See eM. < De Te ame ee a 66.6 Sq. In. 
a inition wcebitia pita sbieAint Rabel ts 66.6 Sq. In. 
4 inen............ Or ae EET ent Eee) oO ened . 92.4 Sq. In. 
Pais... HERTS Aig he C o EAS E 142.0 Sq. In. 
RG eae es Oe ee ROLES OC Ne! Co APE 158.9 Sq. In. 


As an indication of the differential resistance of these units Fig. 
7 shows the drop across a 2-inch size. Within a reasonable limit, 
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the static pressure has practically no effect on resistance. It is, 
therefore, convenient to plot a curve on a basis of the number of 
cubic feet per hour flowing and then apply the pressure correction 
factor for the particular installation. 


In designing a gas filter of this type it is important to note that 
the capacity is determined by the frontal area of the filtering 
medium presented to the flow of gas, that is, the area of the sur- 
face that is in a plane at right angles to the flow. 


In the selection of a proper screen or cloth, the smallest orifice 
in the burner system or the minimum clearance of the impellers of 
a rotary meter are some of the salient points to be considered 
when determining the fineness of the mesh. 


Capacities of Regulators 


The determination and plotting of capacity curves has been a 
difficult problem. If regulators were variable orifices in which 
the velocity coefficient of discharge was of uniform value or if the 
body designs of different manufacturers were the same, the group- 
ing of capacity curves on a basis of valve size or any other unit 
of comparison would be a simple matter. For instance, there 
recently has been designed a regulator body and valve mechanism 
that will differ so greatly from the conventional type that com- 
parison on a valve size basis with existing types would not be 
correct. 

Tests have shown that with similar valve sizes two different 
makes of regulators have varied as much as 15 per cent in their 
delivery capacity, at the point of maximum capacity where the 
regulator still functioned as a regulator. In the selection of a 
unit on an economical basis it is of prime importance to have 
behavior data on each particular make of regulator. 


The manufacturers’ viewpoint is best shown in the following 
report prepared by Messrs. E. H. Hammond and N. Belaef, en- 
gineers of the Neilan Co., who were asked to present their method 
of determining regulator capacity. 


DETERMINATION OF REGULATOR CAPACITIES* 


The primary function of a pressure regulator is to maintain either 
a predetermined constant pressure, a pressure which will change 
in a predetermined manner with the flow, or a constant pressure 
drop. 

The only mechanical action a regulator can have is to change the 
size of its orifice as dictated by changes in the controlled pressure. 
It may be defined, then, as an adjustable orifice, automatically actu- 
ated by changes in the controlled pressure, and designed to main- 
tain a constant pressure, or pressure drop, by varying the flow. 


—_— —— 


* Submitted by E. H. Hammond and N. Belaef, Neilan Co., Ltd 
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By the capacity of a regulator is meant the maximum flow it can 
pass, under specified operating conditions, and still maintain the 
desired control pressure. 

The regulator capacity, as defined above, is a measure of the 
cost of regulation per unit volume passing through the valve. It 
is determined entirely by the flow characteristics of the valve body, 
and is therefore an economic factor which should be considered in 
the selection of any regulator. It is as erroneous to judge the 
capacity of a regulator by its nominal pipe size as it would be to 
assign an arbitrary heating value to a standard cubic foot of gas. 


In addition to knowing the maximum capacity of the regulator, it 
is quite often necessary to know the capacity for intermediate posi- 
tions of the valve plug in order that the accuracy of control may be 
predicted. 

The demands of the industry for constantly better regulation has 
resulted in body designs having the maximum possible capacity 
with the minimum of body friction, or pressure drop, and regulators 
can now be purchased with a definite guarantee both as to capacity 
and regulation. 

For the regulator manufacturer to make these guarantees, it is 
absolutely necessary that he have accurate knowledge of the flow 
characteristics of his various sizes and types of regulators. 


This knowledge can be obtained only from scientifically con- 
ducted tests in a properly equipped laboratory, and verified by 
countless field tests of regulators in actual service. 

It is true that it would be possible, with proper laboratory facili- 
ties, to obtain a complete flow curve for each valve size. However, 
a curve obtained in this manner for the full range of each valve 
size would represent a tremendous amount of labor, and unless the 
results could be interpreted in terms of the basic law governing 
flow, they would not be applicable to conditions other than those 
under which the tests were run. It is also obvious that it would 
be impossible for the manufacturer to obtain in his laboratory a 
sufficient volume of fluid to determine the capacities of his large 
sized valves at high differentials. 


The accurate determination of regulator capacities requires, then: 


(a) A thorough understanding of the laws governing flows 
through an orifice. 

(b)A quantitative expression of these laws as applying to regu- 
lator bodies. 

(c) A knowledge of the various corrections which must be 
applied to the theoretical flow formulae. 

(d) Adequate laboratory equipment and facilities for running 
actual flow curves. 

(e) The correlation of the test data with the theoretical flow 
formulae to determine the correction constants. 

(f) Presentation of the corrected flow formulae in a convenient 
form which will permit the quick and accurate solving for capaci- 
ties and pressure drops. 


_ The following discussion of the determination of regulator capaci- 
ties will be subdivided as follows: 


(1) A brief outline of the derivation of the theoretical flow 
formulae. 

(2) The laboratory procedure and equipment for determining 
the flow characteristics of regulator or valve bodies. 

(3) The correlation of 1 and 2 in the form of flow curves for 
determining capacities and pressure drops. 


Theoretical Adiabatic Flow of Gas 


The familiar thermodynamic equation for the theoretical adiabatic 
flow of gas through a frictionless orifice is: 


| 2 k+17) % 
k 


| 
| Fe ee | 
Tecid P.\ k P, k : 
waaPs 4/— —_— — —{— (1) 
RT; | k—1 P, P; 
Where 


w = weight of gas discharged in pounds per second. 

a = area of orifice in square inches. 

P; = pressure of the gas in the container before the orifice 
in pounds per square inch absolute. 

P, = pressure of the gas at the smallest area of the flowing 
stream (throat of the orifice) pounds per square inch 
absolute. 

T: = absolute temperature of the gas at pressure P:, F’. 

g = gravitational constant. English units. 

1544 


R =a gas constant = 
Molecular weight 
Cy 
k =the ratio of specific heats, 


v 
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It is evident that there can be no flow unless a differential exists 
across the orifice, that is, unless the ratio P2/P: is less than unity. 
It might seem logical, therefore, to assume that as the differential 
increased the flow would likewise increase in accordance with some 
law relating the differential and flow. 


This assumption is true only within certain limits, as a study of 
Equation (1) will show. If the ratio P./P: is set equal to unity, 
the right-hand side of the equation reduces to zero, and W = 0. 
In other words, since there is no differential there is no flow. ‘The 
other extreme would be when the differential was a maximum, and 
this would occur when Pz was zero pounds absolute, in other words, 
when there was a perfect vacuum just below the orifice. For this 
condition, maximum flow should result if the flow is to continually 
increase with increase in differential. But for P2=0 the ratio 
P:/P; also equals zero, and the right-hand side of Equation (1) 
again reduces to zero. But this would again make W=0. This 
is obviously absurd as it would not be possible to maintain a differ- 
ential across an orifice without a resulting flow. 

The conclusion must be, therefore, that the flow will increase as 
the differential increases from zero, but that a certain value of the 
differential may be reached beyond which a further increase will 
not result in a further increase of flow. 

This phenomena can be accounted for by assuming pressure con- 
ditions as shown in Fig. 8, where P:; is the initial pressure in the 


Fig. 8. 


chamber ahead of the orifice, Po is the pressure in the smallest 
section of the orifice jet, and Ps is the pressure in the chamber 
below the orifice after the jet has expanded. 

It will be shown that P2 may be equal to or less than Po, and 
that their relationship will determine the flow through the orifice. 

Differentiating Equation (1) with respect to P2/P:, setting the 
first derivative equal to zero, and solving for P2/P:, it can be shown 
that the maximum flow occurs when 


k 
P, 2 \k+1 
eS Seay (2) 
P, \k+1 


For air, k = 1.4, and Equation (2) becomes 
P.= 0.53 P: (3) 

Equation (3) states that the maximum flow will occur when the 
pressure in the throat of the orifice is 0.53 times the initial or up- 
stream pressure. 

Using the value of 1.4 for k, and substituting Equation (2) in 
Equation (1), the following simplified formulae for the maximum 
flow of air can be obtained: 


0.53 Pia 
w= (4) 


VT; 


Equation (4) is for maximum flow, and holds true only when 
Equation (3) is also true. 

If Ps is greater than 0.53 P:, the maximum flow will not be ob- 
tained, and Ps will equal Po. 

There are, then, two distinct flow conditions, depending on the 
ratio P./P,. 


Case 1 


Ps Jess than 0.53 P:. For this condition the flow is a maximum 
and independent of the value of Ps The maximum flow is given 
by Equation (4). 


Case 2 


P. greater than 0.53 P;. For this condition Po—P2. The flow 
is not a maximum, and will increase as the differential increases. 
The flow for Case 2 can be obtained by solving Equation (1). 
This formulae, however, is cumbersome and inconvenient to use, 
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Fig. 9. Laboratory set-up for determining regulator capacities. 


and, where the differential is not too great it may be replaced by 
the following simple form which is sufficiently accurate for most 
purposes: 


W here 
d= the differential, P:-Ps, in pounds per sq. in. and the 
other symbols are as previously defined. 

Equation (4) states that if the area of the orifice, and the initial 
temperature are constant, the maximum flow is dependent only on, 
and is a straight line function, of P,. 

Equation (5) states that if the area of the orifice and the initial 
temperature are constant, any flow less than maximum is propor- 
tional to the square root of the final pressure times the differential. 

Equations (4) and (5) express the flow in pounds per second. 

For most engineering work, it is more convenient to express the 
flow in standard cu. ft. per hr. Equation (4) then becomes 


= 1093 P, (6) 
a 
and Equation (5) 
Q ie is 
= 2258 V Ped (7) 
a 
Where 
is the std. cu. ft. per hr. of air flowing per sq. in. 
a of orifice area. 


P, = initial pressure lb. per sq. in. 
P, = final pressure Ib. per sq. in. 
d =differential lb. per sq. in. 


Deviation from Ideal Conditions 


Equations (6) and (7) are based on the assumption that the 
following ideal conditions exist: 

1. The gas is air, measured under standard conditions. 

2. The flow is adiabatic. 

3. The flow through the orifice is frictionless. 

4. The differential in Equation (7) is not excessive. 

The actual flow through a regulator will be less for either 
Case 1 or Case 2, than is indicated by Equations (6) and (7). 

This deviation of actual flow from the theoretical is due in 
part to the following factors: 

1. Turbulence in the regulator body. 

2. Friction through the orifice. 

3. Deviations from the ideal gas laws. 

4. Large differentials. 

5. An area at the smallest cross-section of the stream which 
is less than the orifice area. 

It is impossible to isolate and evaluate the effects of each of 
these factors separately. Fortunately, however, the individual 
error introduced by 1, 3 and 4 are never large for normal flow 
conditions, and frequently the summation of their effect can be 
ignored. 


The friction through the orifice, and effective orifice area may 
be determined by experiment. If, for example, the flow is care- 
fully measured at known values of pressures and differentials, 
and reduced to standard conditions, it can be substituted in 
Equations (6) and (7), and the equivalent area determined. The 
equivalent area as thus defined is the actual area “a” times an 
experimentally determined coefficient, or equivalent area —axc. 


Laboratory Set-Up 


A laboratory set-up for determining the air capacity of regu- 
lators comprises 


a. An adequate supply of air. 

b. Means of varying the initial air pressure. 

c. Proper flow meters, pressure gauges, and thermometers. 

d. Means of maintaining a constant predetermined initial 
pressure and differential across the regulator. 

e. Means of accurately setting and measuring the opening of 
the orifice, or the position of the valve plug. 


This set-up is illustrated in Fig. 9. 


The scope of the experimental runs could be greatly increased 
if a sufficient supply of high pressure gas were available to 
permit running tests on the large sized valves at high differen- 
tials. Lacking such a supply, tests at low differentials can be 
run in the laboratory. The capacities at higher differentials 
are then computed from the derived data and checked in actual 
installations. 

With the equipment installed as shown in Fig. 9, the procedure 
for determining the equivalent area is as follows. 

Air at constant pressure and known temperature is supplied from 
the surge tank, and passes through the regulator and orifice meter. 
The regulator valve stem has a special micrometer thread, screwed 
through a yoke as shown in Fig. 10. The yoke carries a fixed 
pointer, and the valve stem a calibrated disc. The number of turns 
made on the valve stem is a direct measure of the orifice opening 
or plug lift. Readings are taken at predetermined increments of 
lift for which the corresponding actual orifice areas “a” have pre- 
viously been computed. 

A constant differential pressure across the regulator is maintained 
during the test for all consecutive positions of the plug by means of 
the hand valve. 

The rate of discharge is recorded against corresponding plug lifts, 
and the resulting data are tabulated as shown in Table No. 1. 


From the corrected data as given in Table No. 1, the flow curve 
for the regulator is plotted showing the capacity for various valve 
plug lifts for a constant differential pressure. See Fig. 11. 


Actual and Equivalent Areas 


The actual orifice area of a regulator is the free area between 
the seat and the plug as shown at “a” in Fig. 12. 

It is awkward to obtain, and has no particular value as it is 
always modified by the obstruction to flow offered by the plug. It 
is different for every design of regulator, and bears no necessary 
relationship to the pipe size or diameter of the body. For this 
reason the discharge per square inch of “equivalent’’ orifice area 
has been taken as the unit flow, and also because of simplicity in 
substituting in Equation (7). 

The equivalent area as determined in Table No. 1 is of course 
different for different lifts. However, for most purposes it is sufh- 
cient to know the equivalent area corresponding to the maximum 
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TABLE NO. 1. TEST—FLOW OF AIR—2-INCH BODY—PARABOLIC VALVE PLUG (AVERAGE OF 4 TESTS) 
2258, V P.d = Q 
Q = Actual Theoretical Flow, = 
P; P, L= Measured Std. Cu. Ft. per 2258 V Ped 
Lbs. per Sq. In. Lbs. per Sq. In. d= Lift in Flow—Std. Cu. Hour per Sq. In. Equivalent 
Absolute Absolute P, —P:2 Inches Ft. per Hour Equivalent Area Area—Sq. In. 
125 100 25 0.100 6,890 112,900 0.065 
125 100 25 0.200 41,300 112,900 0.370 
125 100 25 0.300 74,500 112,900 0.660 
125 100 25 0.400 114,000 112,900 1.110 
125 100 25 0.500 144,500 112,900 1.280 
125 100 25 0.600 156,900 112,900 1.390 
125 100 25 0.625 158,100 112,900 1.400 
| | 
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POINTER 
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Fig. 12. Actual flow area through ports. 
=> lift, as this value determines the maximum capacity of the regulator 
for any given set of conditions. 

It must be remembered that the use of the equivalent area in 
Equations (6) or (7) gives the flow in cubic feet per hour of air 
at 60°F. 

Y If the temperature is not 60°F., or if the specific gravity is other 

g than i referred to air, corrections to the formulae must be made 

{ as follows: 
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UNITS OF CAPACITY~- CU.FT. PER HR, 
AT CONSTANT DIFFERENTIAL 


Fig. 11. 


520X 1 
0O:=Q é = 
(460+-F°) XG 
Where 


Q: = flow of standard cu. ft. of air per hour. 

F°= flowing temperature, °F. 

G = specific gravity, referred to air as 1. 

Q = actual flow of gas in cu. ft. per hour at Temperature F. 


Note: If the flow of gas is to be measured under standard con- 
ditions, the temperature correction is omitted, and the formula is 


l 
0:=Q4/ — 
G 


There is a slight error in applying Equations (6) and (7) to 
hydrocarbon gases and vapors for which k is less than 1.4. It can 
be shown, however, that this error is negligible and well within the 
limits permissible for measurements of capacity for commercial 
work, 


Presentation of Regulator Flow Data 


There are a number of forms in which the regulator flow data 
may be presented as an_ aid to solving regulation problems. A 
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Fig. 13. Regulator capacity chart for gas. 


properly constructed chart or nomograph has the advantage of 
simplicity, and obviates the necessity for involved computations 
with the attendant possibility of arithmetical errors. The nomo- 
graph also has the advantage that it permits a quick and intelli- 
gent comparison where the selection lies between two sizes. 

Keeping in mind that the regulator is not a measuring device, 
but is designed strictly for control, the nomograph should be kept 
as simple as possible, while still permitting the important major 
corrections to be made. 

Fig. 13 is a gas flow nomograph based en data similar to that in 
Tabie No. 1, and gives the flow for sizes from % inch to 12 inch 
for practically every condition which may be encountered in com- 
mercial work. This chart is constructed from the corrected Equa- 
tion (7), or Case 2, where the final pressure is greater than the 
critical pressure, 0.53 P:. It was necessary, therefore, to include in 
the chart a correction for Case 1, where the flow is a maximum. 
The criterion for, and extent of this correction is determined by the 
ratio: 

P, es P2 


P» 


A correction for specific gravity is also included in the chart, but 
since the flow is expressed for standard conditions the correction 
for temperature need not be made. 

This chart is applicable for any make or type of regu!ator, pro- 
viding the ratio of the equiva-ent areas of the iwo valves is known. 


Selection of Proper Regulator Size 


It is essential in selecting the proper size of regulator, that the 
following data be available: 


Maximum and minimum initial and final pressures. 
Maximum, minimum, and normal flows. 

Rate at which flow is likely to change. 

Type of control desired (direct loaded, or pilot operated). 


> wh 


A regulator never should be selected to operate continuously at 
or near its maximum capacity, for when the plug is in a wide open 
position the regulator can no longer control. Where possible, the 
size should be so selected that the regulator will pass but from 50 
to 70 per cent of its maximum capacity at the normal control point. 


This will insure floating, full throttling action of the valve plug, 
and permit of sufhcient flexibility to take care of normal changes 
in load. 


FLOW CHARACTERISTICS THROUGH REGULATORS 


The greatest difficulty in the design of a device that will control 
the flow of a gaseous fluid is that we are dealing with a substance 
which is invisible and free to move in all planes. 

A great deal of time and money has been spent on the develop- 
ment of controls for regulators, some of them very ingenious, but 
very little has been done in the matter of original research to cor- 
rect the faults that lie within the body itself. 

Because of the fact that there are two valves connected directly 
to a common stem with their respective equal areas exposed to the 
static pressure, they are said to be balanced. That this condition 
exists after the gas starts flowing has always been problematical. 

In order to have a better understanding of the conditions as they 
exist an apparatus was constructed in the following manner: 

A type of regulator body was selected that was believed to have 
excellent stream-flow design. A 4-inch unit was selected because 
of the fact that conditions within it would not be too congested and 
thus affect the observations. This body was cut exactly on the 
longitudinal center line, as was the valve and stem. 

Connected to the inlet and outlet flanges were two 4-inch pipes 
which had also been cut in two. At the extreme end of each of 
these pipes was welded a l-inch pipe coupling and screwed into 
this was a long nipple with a running thread. 

This entire assembly was placed horizontally and mounted on a 
stand which had an extension designed to hold a camera. 

Water was used to carry the medium through the device. The 
plane of elevation of the water was adjusted by the raising and 
lowering of the long nipples with running threads. 

Considerable experimenting was required to determine the proper 
type of flow indicator to use. Various materials were tried such 
as aluminum powder which floated well but would coagulate and 
dam up similar to logs in a river. Powders of different fineness 
showed the surface action fairly well but this gave only a two- 
dimensional movement. 

An oil was suggested by DeWitt Smith, assistant chemist at the 
Potrero Laboratory, and this gave excellent resu'ts, as an emulsion 
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was formed which stayed in perfect suspension, thus giving the 
effect of gas flowing. 

An elaborate arrangement of lights was built so that depth 
would be given to the photographs. All the pictures show sub- 
surface conditions together with the effects as preduced at the 
plane of the particular adjustment of elevation. 

In all the tests the fluid flowed through the inlet on the left to 
the outlet on the right as in the case of a pressure reducing regu- 
lator. 

Fig. 14 shows the body together with the half valve turned over 
to show its construction. 

It has always been the impression that both valves start to feed 
simultaneously as soon as they are lifted off their seats. Fig. 15 
clearly shows that the upper seat first allows the passage of the gas. 


As the flow increases it is interesting to note the bending over, 
so to speak, of the stream from the lower valve, also that the 
eddying effects are beginning to be noticeable. A zone of reduced 
pressure can be seen directly beyond the inlet chamber in Fig. 16. 


Further effects of impingement on the bottom of the body is 
shown in Fig. 17. 


Fig. 18 illustrates plainiy disturbances caused by guides and 
sharp corners. Also notice that the zone of reduced pressure is 
moving upwardly toward the center of the outlet. The differences 
of the stream forms emitting from each valve certainly indicate 
an unbalanced situation. 


Static balance and dynamic balance are two important and dit- 
ferent factors. 


Fig. 19 shows what happens to that reduced pressure zone with 
the increase of velocity. The reason that the rest of the stream 
picture is blurred is due to the limitations of time exposure. 


Fig. 20, no doubt, is the most interesting of all because it shows 
the number of reversals of direction of the stream as well as the 
eddies around the valve. 


Fig. 21 illustrates the condition when the valve is wide open and 
the differential across the regulator is small. 


With an increase in differential the bending over of the stream 
from the lower valve is shown in Fig. 22. Another point which is 
indicated is that the stream leaving the upstream side of the upper 
valve tries to pass the stream from the downstream side of the 
same valve. Probably this is one of the reasons for our regu- 
lators having a much smaller capacity as compared to an orifice 
of the same area. 


Fig. 23 brings out an interesting thing and that is the splitting 
of the inlet stream. Eddy currents around the valve seats are also 
clearly shown. 


In order to determine the conditions around the valve guides 
the elevation of the fluid was lowered. The diverting of the 
stream can be seen in Fig. 24. 
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Fig. 30. 


Fig. 25 shows a very definite eddy with an increase in velocity. 


The influence of the lower guides in directing the flow to the 
upper seat is well illustrated in Fig. 26. 


In order to make this particular study more complete a valve 
was designed to give uniform increase in rates of flow for equal 
increments of lift. 

Fig. 27 shows how the stream flow is affected by the shape of 
the valve. 

The importance of streamline design is brought out in Fig. 28, 
as the eddies above the flat surface of the lower seat are very 
pronounced. 

Fig. 29 further illustrates the conditions mentioned in regard to 
the previous photograph. 

The bending of the lower stream is also very pronounced with 
this type of valve as seen in Fig. 30. 

Fig. 31 shows the very turbulent effect caused by the inlet cham- 
ber at high rates of flow. Attention is also called to the position 
of the reduced pressure zone. It will be noted that the valve is in 
the wide open position. 

In view of the fact that a regulator is primarily an energy dissi- 
pating device, the importance of reducing such things as turbulence 
and body resistance might be questioned, but in this matter of 
energy transfer unless those things which cause excessive resis- 
tance to free flow are mitigated, uniform pressure regulation will 
never be inherent within the device. An attempt to obtain regu- 
lation by the installation of complicated controls to overcome this 
condition is not the measure of good regulator design. 


Pilot Contol 


The application of pilot control to meet varying load conditions 
has become widespread within recent years. From the distribu- 
tion pressure control angle the centralizing of the adjustments for 
remote main regulator units has been very useful. For the main- 
taining of a uniform gas pressure in a large central electric gener- 
ating plant, a pilot arrangement was designed. ‘This plant has a 
steam pressure in excess of 1200 pounds with an automatic adjust- 
ment actuated by the effect of variable electric demand. ‘These 
boilers have very little volume of steam in reserve due to their 
tubular construction. This means that for sudden changes, the gas 
burners must respond very quickly. Gas rates will vary from a 
nominal minimum of 20,000 cubic feet per hour to 1,250.000 cubic 
feet per hour in the period of 20 seconds. The shutting down time 
may be slightly shorter. 

The installation consisted originally of four 6-inch regulators 
connected in parallel with small pilots feeding into the head of 
each unit. These pilots took their gas supply at a point directly 
ahead of the main regulator which they were controlling. The 
bleed line from each pilot fed into a common header. 

The delivery pressure from this hook-up was very unsatisfac- 
tory as it varied between 12 and 20 pounds during the changes in 
demand. 

Service could not be interrupted without causing the plant to 
change over to oil burning. 

Thus the need for a practical testing laboratory was felt. 

This problem was attacked in the following manner. A test 
was conducted with the pilot regulators. A small displacement 
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meter was connected to the outlet of the pilot so that the minimum 
rate of regulated flow could be determined. A point between 28 
and 30 cubic feet per hour gave the best conditions. 

The effect of the change of inlet pressure was observed. The 
rate of flow was kept constant. A change of 15 pounds on the 
inlet would cause the delivery pressure to vary 1 pound. 

A 6-inch regulator similar to the one installed was set up for 
test. Pressures taken at a point approximately 3 feet upstream, at 
which place the original pilots were fed, indicated that a very 
turbulent condition of flow existed which in turn affected the deliv- 
ery pressure of these units. 

The fact that each bleed from the pilots dumped into a common 
header was unsatisfactory because first, this line was too small, 
and second, the delivery from each unit was changed by the pres- 
sure conditions within this header. If any one of the four pilots 
was shut off, the rate of bleed of the remaining units would in- 
crease, thus lowering the pressure on the head of the main regu- 
lator, which in turn reduced its delivery pressure. 

In analyzing the 6-inch regulators, observations of pressure were 
taken in the body. It was found that with an inlet pressure of 
50 pounds and an outlet of 15 pounds that as the maximum rate 
of flow was approached, that pressures within the body would 
exceed 19 pounds per square inch. The tap was made in the 
chamber that connects the main body and the diaphragm chamber. 

This meant that as the flow increased the regulator would tend 
to shut off, preventing it from reaching its maximum delivery 
capacity, as the pressure on the top of the diaphragm remained 
unchanged. 

Another observation showed that the original 9-inch diameter 
diaphragm was too small as the stem travel was restricted by the 
limited amount of slack. 


The final rearrangement of the unit was made as follows. First, 
the supply for the pilots was taken at a point 30 feet ahead of the 
main regulators. Second, a small regulator was installed ahead 
of the four pilots so that a constant pressure feeding them would 
be maintained. Third, a fixed orifice was installed in each bleed 
line which in turn was led individually to the outside of the 
building. This accomplished another purpose in as much as the 
adjustment of the bleed by each operator was eliminated. Fourth, 
all the control lines were made of %-inch copper tubing which re- 
duced the hazard of leak as well as giving smoother flow condi- 
tions. Fifth, an isolating diaphragm was placed between the main 
diaphragm and the valve chamber. The head was increased to 11 
inches, which is the smallest practical diameter to use for pilot 
control. In cutting the material for the diaphragm extreme care 
was taken to see that sufhcient slack was allowed to take care of 
the total stem movement. Sixth, the pilots were mounted on a 
panel board on the main operating floor, together with gauges that 
showed the inlet pressure on the high side and the outlet pressure 
in the outlet header. A gauge was connected in the line in series 
with the outlet of the pilot so that the main units operating would 
be indicated and a balance maintained between each. Seventh, 
the static line was moved to a point 20 feet downstream from the 
regulators. This line is 2 inches in diameter with each individual 
small static line connected to it, made as short as possible. 


Each unit was tested complete in the laboratory and then in- 
stalled in the plant and the one removed overhauled. In this 
manner there was no interruption to service. 
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The results obtained were very satisfactory as the pressures are 
now maintained constant, the set made more convenient, and the 
length of the life of the regulators increased by smoother action. 

This particular problem has been cited to show what can be 
done by scientific analysis of the conditions, together with the 
proper testing facilities. 

Another interesting application of pilot control to meet the re- 
quirement of changing demands on a distribution system is shown 
in Fig. 32. 

There is a main supply regulator A which maintains a uniform 
pressure delivery to each pilot regulator. 

During the off peak period pilot D is set to control the main 
regulator C at 3 pounds. A differential control G is connected 
across an orifice plate in the discharge line of the main regulator. 
When the rate of flow produces sufficient differentiai this opens 
the high pressure line leading to pilot B which is set to deliver 6 
pounds, and in turn increases the outlet pressure of the main 
regulator to that amount. 

In order to actuate this mechanism it is found that the main 
line pack is insufhcient due to the rapidity at which the load de- 
mand increases. To overcome this difhiculty a study was made of 
the load characteristics and the time of peak requirements was 
determined. <A _ solenoid valve E was installed at the outlet of 
pilot F; this unit controlled the main unit at 444 pounds outlet. 
This increase in pressure causes enough flow to produce sufficient 
differential to actuate pilot B. When the demand is being in- 
creased, this pilot takes control and delivers 6 pounds. 


Pressure Control for Metering 


The use of gas for industrial purposes has been very rapid, with 
the advent of natural gas. It is common practice to meter the gas 
at as high a pressure as can be maintained in order that the invest- 
ment in the equipment may be kept at its minimum. Often this 
is done by the installation of a regulator ahead of the meter as 
well as one after. By maintaining a uniform pressure, a constant 
can be applied to the volume indicated by the meter index, the 
second regulator controlling the pressure necessary for the con- 
sumer’s equipment. The nature of a load of this type often leads 
to difhculties in maintaining a uniform pressure on the meter. 

Volume and pressure recording gauges require the calculation of 
charts in which the probability of human error is involved, to say 
nothing of the cost of this work. 

There recently has been introduced to the industry two very 
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clever devices that integrate the pressure existing on the meter at 
that moment, then mechanically multiply the meter index for that 
pressure. A separate counter indicates the corrected volume at 
the base pressure in use. 

What is actually done is to correct for the inaccuracy of proper 
regulation. With fluctuating pressures on the meter, there is 
always a question of its proof. The installatiun of such devices 
may be likened to a brake that adjusts the flow of power from a 
pulsating motor. 

In order to determine the actual accuracy of these two makes of 
intergrators an apparatus was constructed. 

Fig. 33 shows the equipment. On the left may be seen a motor 
drive with a reduction gear. The speed that these units were run 
was equivalent to an index rate of 8,000 cubic feet an hour, well 
below the capacity of a large displacement meter. On the top of 
the stand are the two units being tested. Pressure was maintained 
absolutely constant by the means of a dead weight gauge tester. 
In order to take care of temperature changes or any leakage in 
the system a weight loaded diaphragm chamber of ample displace- 
ment was used. 

More than 1,000,000 revolutions of the integrators were made. 
At the conclusion of the tests it was indicated that an accuracy less 
than 1 per cent could not be expected. 

With the proper regulator installation it is possible to maintain 
pressure within the range of 1 per cent, thereby eliminating the 
necessity of any form of chart or integrator. 

The cost of these devices in an average industrial metering lay- 
out together with accompanying chart reading and instrument 
maintenance wou!d be greater than the installation of the proper 
regulator. 


Conclusion 


One of the greatest needs of the gas industry today is standard- 
ization, and particularly in the division of pressure regulation. 
Each manufacturer of regulators has his own method of determin- 
ing and presenting the flow capacities of his unit. There is no 
definite basis of comparison of the various makes. The relative 
mechanical and wearing qualities have to be compared in the field, 
often disturbing the consumer. Individual companies test regulators 
and compare them on a different basis. It is urged that a commit- 
tee be continued whose sole activity will be to develop methods 
and specification of test for gas pressure regulators. By so doing 
we can all speak the same language in regards to capacity and 
performance. 
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Compressor Plants* 
HORSEPOWER REQUIRED TO COMPRESS NATURAL GAS 


HE investigation of “Horsepower Required to Compress 

Natural Gas” was started by last year’s Committee, and its 

report dealt largely with theoretical values. Since any tests 
undertaken had to be made under actual operating conditions, it 
was felt that the precise measurement of gas volumes and of horse- 
power developed, presented insurmountable difficulties. 

While bearing in mind the impossibility of making a precise in- 
vestigation, the present Committee decided that information of some 
interest and value might be obtained by running a series of tests on 
which accuracy would be limited by the precision of the standard 
orifice meter. It seemed that this degree of accuracy would be 
acceptable, in view of the fact that such measurement is considered 
satisfactory for the purchase and sale of enormous quantities of gas 
every day. Engine indicator cards, carefully taken and measured, 
furnished figures of comparable accuracy on horsepower developed. 

Thirteen tests were made: the first on a 160 H.P. unit at Los 
Angeles; the second on four 760 H.P. units at Kettleman Hills; the 
third on ten 160 H.P. and two 760 H.P. units at Ventura; and the 
balance on one 760 H.P. unit at Kettleman Hills. All of the units 
tested were of the direct-connected type, but the locations were 
selected to provide a wide range of operating conditions. The com- 
pression ratios varied from 1.39 to 5.30, which covers the practical 
working range for single stage compression fairly well. 

The test procedure in each case was as follows: 


After the engines were warmed up, and operating conditions had 
reached equilibrium, a set of indicator cards was taken for power 
and compressor cylinders. Suction and discharge pressures, R.P.M.., 
fuel, delivered gas volumes, and incoming gas temperatures were 
recorded. Engine constants were computed carefully to four signifi- 
cant figures, but extensions were made on the slide rule where con- 
venient. The volume of gas delivered was arrived at by noting the 
volume passing the meter during the test run, and extending it to a 
24 hour volume. A correction for temperature of incoming gas was 
applied to get the test results on the standard basis at which the 
theoretical values were computed, and bring out the effect of high 
inlet temperatures in reducing the volume delivered. 

Table No. 1 gives the data gathered, from which the curves on 
Fig. 1 were plotted. Sample calculations appear at the end of 
this report. 

The values for theoretical horsepower required per million cu. ft. 
per 24 hours were taken from the 1931 report (p. 350, Vol. 22, 
Proceedings P.C.G.A.), which are based upon adiabatic compres- 
sion where the ratio of specific heats is 1.265. Compressor efficiency 
is the ratio of the theoretical value, as obtained, to the compressor 
indicated horsepower. 

An inspection of the graph shows that the points plotted do not 
fall upon a srrooth curve. This was to be expected, as the meas- 
urements were made under actual operating conditions, and com- 
pressor efhciencies vary between limits of perhaps 80 to 95 per cent 


*Committee Report: Grove Lawrence. Chairman, Southern Calif. Gas Co.: Phillip 
Beckman, P. G. & E. Co.; Leal Davis. P. G. & E. Co.; W. K. Dodd, So. Calif. 
Gas Co.: S. S. Donaldson, So. Calif. Gas Co.; O. A. Philpott, P. G. & E. Co.; 
C. S. Pool, Ventura Fuel Co.; T. C. Wallace, So. Counties Gas Co. 


Run Run 
No. 2 No 3 No. 4 No. § 
2-9-32 2-9-32 4-2-32  4-2-32 
Ingle Ket. Ven. LP Ven.HP 
Suction Pressure (Lbs. per sq. in. gauge).. 8.1 299 30.5 107.5 
Discharge Pres. (Lbs. per sq. in. gauge).. 106 420 112.0 267 
ft ee) aeeecanrentees ann aneaen i 5.3 1.39 2.80 2.30 
Number of Units Operating ...................... | 4 10 12 
Total Rated Horsepower........ ov 160 3040 1400 1720 
| Temperature of Incoming Gas °F. (Est) 70 (Est) 70 (Est) 70 (Est) 70 
| I. H. P. Power Cylinders.........ccsc0-.. 127.3 3226 722 =: 1288 
| I. H. P. Compressor Cylinders.. eee 762 2603 1553.6 1120 
Net Gas Delivered per 24 hrs. Mecef. 8099 123,600 24,100 23,900 
Theoretical H.P. Ref. to Adiabatic re- 
quired to deliver 1,000 Mcf. per 24 hrs. 87.3 15.2 50 2 39.7 
I. H. P. Power Cylinders per 1,000 Mcf. 
per 24 hrs. ee 154 25.6 0.4 $3.0 
I. H. P. Compressor Cylinders per 1,000 
| Mcf. per 24 hrs. ........ j 92 20 6 63.1 46.0 
| Per cent of Rated Developed 47.6 85.6 85.6 856 
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Fig. 1. 
between overhauls. Since the dotted curve, representing 85 per 
cent efhciency, appears to divide the points fairly well, it was 


selected as a fair working average. This value compares closely, 
with the 83% per cent found by last year’s Committee. 


Fuel Required 


Closely allied with the question of horsepower required to com- 
press natural gas is that of fuel required to develop the horsepower. 
The cost sheets show that the fuel bill constitutes a large propor- 
tion of the total operating cost, possibly from 30 to 50 per cent, 
and therefore the improvement of the thermal efhciency from 20 
per cent to 25 per cent, represents a marked reduction in operating 
cost. 

It can be shown that with the exhaust gases at a temperature of 
1000°F., either incomplete combustion (2 per cent or more CQO), or 


Run 


Run Run Run Run Run Run Rut 
No. 6 No. / No. S No. 9 No 10 No. 1] NX . 12 ‘ 13 
4-11-32 4-11-32 4-11-32 4-12-32 4-12-32 4-12-32 4-12-32 4-12-32 
Ket. Ket Ket Ket Ket Ket Ket K 
149 151 149 131 131 171 140 207 
39] 379 379 384 3k 7RR 400 {()? 
2.47 2.38 2.41 2.73 2.76 2.76 2.68 1.88 
| | ] I | | | 
60 60 60 60 760 760 7460 7 
735 79 78 71 72 73 } / 
EOS Sit R58 848 R67 £4 127 R98 
76? 705 743 752 7i2 44 RQ 3 wih 
15,369 15,366 15,594 13,901 12,525 13,5 
43.5 42.9 43.6 $9.8 50.5 50.5 $8.7 ).4 
5 {} $1.2 53 f) SUS 467 hs 1S ) ¢) 
45.6 44.3 46.1 54.2 0.2 5 ) 5 } 


~€! * “ 
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50 per cent excess air will cause a preventable heat loss of 9 per 
cent of the higher heating value of the fuel. This is in addition to 
the water vapor loss, over which the operator has practically no con- 
trol. In order to secure efficient combustion in the gas engine, it is 
necessary to satisfy the same conditions as in a boiler or furnace. 
Thorough mixing of gas and air before ignition helps secure com- 
plete burning to COs. Minimizing excess air reduces the heat lost 
via the exhaust lines, as does low exhaust gas temperature. 

In the summer of 1931, a group of Stanford University students 
conducted a series of tests upon a 160 H.P. direct-connected unit, 
which were supplemented by a brief test made by your Committee 
upon a 760 H.P. unit. In both cases, the work consisted of making 
a number of runs, first with the engine in normal operating condi- 
tions, and then with timing, load, or «cooling water adjustments 
varied, so that the effect of each change upon the thermal efhciency 
could be noted. 

Table No. 2 is an extract of the data from the Stanford test. The 
effect of varying adjustments to obtain the best operation is nicely 
brought out by the steady improvement in thermal efhciency. For 
instance, after the first run made, examination of the indicator 
cards showed that ignition was late on both sides. Since the charge 
of fuel started burning late, it either had to burn very rapidly to 
develop its heat before the end of the stroke was reached, or else 
an abnormally heavy charge had to be admitted. The former con- 
dition was wasteful because the mixture was too rich, and the latter 
because burning was not completed until after the exhaust valve 
opened. In the case under discussion, a gain of 2.2 per cent in 
thermal efficiency was made by correcting ignition timing. 

Governing on this engine was effected quantitively by a sleeve- 
type throttle valve on the gas and air inlet, located just ahead of the 
inlet valve, and operated by a spring loaded governor. During the 
first test run, difhculty was experienced in causing the governor to 
operate at full load, and its tendency to remain wide open sup- 
porting the reasoning presented in the preceding paragraph. 
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Next, at the suggestion of the Cooper Co. representative, the 
standard four-port mixing valves were replaced with six-port 
valves. In operation, the total opening was no greater, but the six- 
port valves appeared to induce a greater turbulence in the flow, 
improving the co-mingling of gas and air, and producing a better- 
burning mixture. The result is again evident in the thermal 
eficiency column, producing a further gain of 2.2 per cent. 

It was then noted that the inlet valve area was somewhat smaller 
than the maximum port area in the mixing valve. This being the 
case, it seemed that some throttling must occur at the inlet valve. 
That condition was undesirable, as it disturbed the control over the 
volume of charge admitted, which was properly the function of the 
governor or mixing valve. By replacing the original 4-inch inlet 
vaives with 44-inch diameter valves, an additional 0.7 per cent 
was gained. It should be especially noted that the indicated horse- 
power developed was increased by each of the foregoing changes, 
which, in effect, meant an increase in the capacity of the machine, 
as well as an improvement in economy. 

After determining the most efhcient ignition timing and mixture, 
a series of runs was made to find the best valve setting. On these 
engines the inlet cam, exhaust cam, and camshaft are made up in a 
single forging, so the position of the two cams is fixed with respect 
to each other. They can be adjusted, however, with respect to 
piston position, and the setting is quite important. 

Using the inlet valve opening as the index event, runs were 
made with settings at 20°, 15°, 10°, 5° and 0° before top dead cen- 
ter; and 5° after top dead center. For the old style “quick opening” 
cams, best operation occurred with the opening commencing at 10° 
early. With the new style cam, having a “quieting’’ curve at the 
base, the best setting appeared to be for the inlet valve opening to 
start at top dead center. 

One of the important points brought out in this study was the 
effect of timing and mixture upon the shape of the indicator card. 
With correct timing and mixture, a full, well-rounded card is ob- 


TABLE NO 2.. RESULTS OF THERMAL EFFICIENCY TESTS ON 18-IN. x 20-IN. 160 H. P. GAS ENGINE 
CONDUCTED BY STANFORD UNIVERSITY STUDENTS, 1931. 
A B Cc D E F G H I J 
R. P. M. sis inches abides celal dedba oO RS aga lids 187.8 S9i.8 F95.2 ta tee: Bees «685.7 «69S.3 «6195.8 «195.5 
B.t.e Ser Ce, Ft Peer 4sO6s liciitediadtbes-aiieeiakabeehias 1100 1100 1100 1100 1100 1100 1100 #21100 + «1100 ~~ 1100 
OR REIT IN ee SNA, 1S REIS ET RS ~ A9Al 3950 -.a724 °° 8790 «64774 «167606 «E7070 «68725. «1714 = «1754 
| % Carbon Dioxide in Exhaust Gas (Average) a aoa aes en re nN 1 enc eae eee ates Sal 
| I. er ro ee A ie ce ee oo 172 EGS.2 “300.8 Even t0r.9 Bea. G63 199.3 197.5 200.7 
| Teipecatuce of Eee Ge *s................ 1160 1200 1225 1225 1210 1180 1170 1180 1169 += 1178 
| Thermal Effciency, Per cent (Referred to Gross Heating 
| Value of Fuel) vilimccnicnitiinbeachebiumiimaliaiamidinadt a ts tggiieaini st Rescue 29.3 as aed eee ee eee 26.8 26.6 26.5 26.3 
| Thermal Efficiency, Per cent (Referred to Lower Heating 
Vaiwe of Fuct.or 977 Bt. per Cu, Pt.) :.. 0 22.8 25.5. 278. 400 -2ee . 274 . DA 29.7 DS 294 
| A. First 24 hr. test. All adjustments as found. F. Inlet valve timing 15° B. T. D. C. 
| B. Valves and spark retimed. Magneto trips R.H. 37° G. Inlet valve timing 10° B. T. D. C. 
| L.H. 40°. H. Inlet valve timing 5° B. T. D. C. 
| C. Four port mixing valve replaced with six port. I. Inlet valve timing 0° oo 
D. 4-in. dia. inlet valves replaced with 4%-in. dia. J. Inlet valve timing 5° A. T. D. C. 
E. Inlet valve timing 20° B. T. D. C. 


TABLE NO. 3. RESULTS OF THERMAL EFFICIENCY TESTS ON 19-IN. x 24-IN. 760 H. P. GAS ENGINE 
CONDUCTED BY COMPRESSOR PLANT COMMITTEE, 1932 


Inlet valve 
opens 35° B.T. 


D.C. Exhaust 
valve opens 55° Spark Valves Valves 
B.T.D.C. Ignition advanced Adjustments retimed retimed 
ae earn 20° B.T.D.C. 25° B.T.D.C. Test No. 1 10° later 10° earlier 
| ee PRE ee a 179 174 180 180 176 
| B.t.u. per cu. ft. Fuel BBE RARE ARR TAS ST EINE et OREN 1190 1190 1190 1190 1190 
| PRE So) SO ee AE SORA. M.c.f. per hr. 10,120 9,005 9,550 10,067 10,042 
Carbon Dioxide in Exhaust Gas (fT: Petey ee We vee 4.9 $2 5.9 4.8 
BOR ee LS I are eA Tee 895 813.9 858.3 867.3 842.8 
wr Oe i *F. 70 66 66 63 62 
Py OU °F. 101 93.2 93.5 93 92 
water 96F BE... Bn Os SRB SE Re et eT gallons 14,700 14,800 14,950 11,900 12,200 
| tee DE a ns ee B.t.u. per hr. 12,042,800 10,715,950 11,364,500 11,979,730 11,949,980 
| Heat to Useful Work... ETE EERE B.t.u. per hr. 2,277,775 2,071,376 2,184,373 2,207,278 2,129,656 
| yeent to Cosme Weer... .....B.tu. per hr. 3,795,981 3,353,325 3,424,671 2,973,810 3,150,406 
| Heat to Exhaust, Radiation and U nang fee. 5,969,044 5,291,249 5,755,456 6,798,642 6,669,924 
Temperatures of I a gs BE oS SERIE 20 OS EIR aR STE Se ean ice kes era Sm oie 
Thermal Efficiency, (Referred to Gross Heating Value of 
hcg) ER LIEN ES SPSL NEA DOC OS EER % 18.5 19.3 19.3 18.4 17.8 
Thermal Efficiency, (Referred to Lower Heating Value 
FFB ae ee nem N IE De eS ays Rs Vi NE SATE % 20.4 21.6 21.2 20.2 19.6 
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tained without the objectionable “peak’’, or high initial pressure, 
that places excessive strain on bearings and frames. On the other 
hand, either a too lean or too rich mixture may be made to produce 
an excellent card by advancing the spark. ‘The reason for this, as 
brought out by the Stanford test and reported in “Power” (Vol. 75, 
No. 17 p. 618) is that either a too rich or too lean mixture burns 
more slowly than the correct mixture, and must, therefore, be ignited 
earlier. It therefore is evident that the engine indicator alone does 
not tell the whole story of gas engine performance. To insure 
economical operation, an indicator, flue gas analyzer, and exhaust 
gas pyrometer are needed, because each engine must be adjusted 
to suit the requirements of its particular fuel. 

Table No. 3 covers the tests made by your Committee upon a 
760 H.P. direct-connected unit. Each run was of one hour dura- 
tion, readings being taken every 15 minutes, and averaged or 
totalled, as required. ‘The effects of the various adjustments are 
reflected in the thermal efficiency column. Apparently the valve 
timing was correct for the fuel being used, since both advancing 
and retarding the setting lowered the efficiency. 

The low COs readings indicated that either combustion was in- 
complete, or that a large excess of air was present, or both. Some 
difhculty was experienced in making the Orsat readings balance, but 
it was evident that less than 1 per cent CO was present. This being 
established, it followed that between 60 per cent and 100 per cent 
excess air was being admitted to the power cylinders. 

In order to correct this condition, the mixture was readjusted, 
but it was found that an excessively high terminal pressure was 
caused by a comparatively slight enrichment. The next step was 
to retard the spark slightly to reduce the initial pressure, and then 
again increase the proportion of fuel. Unfortunately, lack of time 
prevented further experiments along this line, but subsequent tests 
on similar units have indicated that this procedure would eventu- 
ally result in improved efficiency. 


Sample Calculations 
TABLE No. 1. Horsepower Tests, Run No. 2. 


Abs. Discharge Pressure 
P./P; (Compression Ratio) = : 
Abs. Intake Pressure 


106 + 14.7 
= == §.9 
8.1 + 14.7 


Theoretical H.P., referred to Adiabatic, required to deliver 
1,000 M.c.f., per 24 hrs— 
From table, P. 350, Vol. 22, Proceedings P.C.G.A., for 
compression ratio of 5.3, Adiabatic H.P. = 87.3 
I.H.P. Power Cylinders per 1,000 M.c.f., per 24 hours, with intake 
gas temperature of 60°F = 


Total I.H.P. of power cylinders 127.3 


Total M.c.f. per 24 hours .8099 
Corrected for actual intake temperature of 70°: 


460° + 60° 


157 X = 154 H.P. 


460° + 70° 


I.H.P. Compressor Cylinders per 1,000 M.c.f., per 24 hours, 
corrected to intake temperature of 70° = 


Total I.H.P. of Compressor Cylinders 460° + 60° 
x - 

Total M.c.f., per 24 hours 460° + 70° 

76.2 460° + 60° 
x = 92 H.P. 
8099 460° + 70° 
Per cent of rated load developed= 
Compressor I.H.P. 76.2 
= —_. = 47.6% 


Rated H.P. 160 


Note: In runs No. 4 and No. 5, ,the low and high sides were added 
together. 


Compressor Efficiency = 


Theoretical H.P. required to deliver 1,000 M.c.f., per 24 hours 


Compressor I.H.P. required to deliver 1,000 M.c.f., per 24 hours 


$7.3 
—— = 95% 
92 
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TABLE No. 2. THERMAL EFFiciENCY TeEsTs, RUN No. 1: 


Thermal Efficiency referred to gross heating value of fuel= 


B.t.u. converted to Power Cylinder I.H.P. per hour 


B.t.u. in fuel gas per hour, gross or higher heating value 


2545 X 172 
= 20.3% 


1100 X 1941 
Thermal Efficiency referred to lower heating value of fuel = 


B.t.u converted to Power Cylinder I.H.P. per hour 


B.t.u. in fuel gas per hour, lower heating value 


2545 X 172 
— = 22.8% 
977 X 1941 


TABLE No. 3. —THERMAL ErrFriciency Tests, Run No. 1: 


Total heat in fuel, B.t.u. per hour = 
M.c.f. fuel per hour X B.t.u. per cu. ft. X 1,000 = 
10.120 X 1190 X 1000 = 12,042,800 B.t.u. per hour. 


Heat to Useful Work, B.t.u. per hour = 
I.H.P. Power Cylinder X 2545 = 
895 X 2545 = 2,277,775 B.t.u. per hour. 


Heat to Cooling Water = 
Gallons water per hour X 8.33 X (Water temp. out—water 
temp. in) = 14,700 X 8.33 X (101° —70°) = 3,795,981 
B.t.u. per hour. 


Heat to Exhaust, Radiation, and Unaccounted for: 
By Difference, = Total heat—(Heat to Useful Work + Heat 
to Cooling Water) = 12,042,800 — (2,277,775 + 3,795,981) = 
5,969,044 B.t.u. per hour, 


THE EFFECT OF HIGH TEMPERATURE UPON GAS 
COMPRESSOR FOUNDATIONS 


It has recently become necessary to replace the concrete founda- 
tions under some large gas-engine-driven compressors, due to their 
gradual disintegration over a period of some 18 years. Subsequent 
investigation has revealed that failure was due to the following 
causes: 

1. The concrete floor, consisting of a reinforced slab 8 inches thick, 
was supported in a horizontal slot cast into the adjoining engine 
blocks. As no clearance was provided for expansion, the floor slab 
exerted a tremendous force upon the blocks after it became heated, 
during operation. Assisted by the vibration due to the reciprocating 
unit, the pressure eventually caused failure along the weaker planes 
in the block, which were caused by inadequate bond due to inter- 
mittent pouring. 

2. The above effect was accelerated by weakening of the concrete 
mass due to infiltration of lubricating oil. 

In addition, suspicion has existed that disintegration might have 
been caused by the excessive heat given off by the exhaust piping. 

Economical plant design requires that the power cylinder exhaust 
lines, leading to the outside of the compressor building, be fairly 
close to the foundations. Since it is dificult to thoroughly ventilate 
the building basements, relatively high temperatures are prevalent, 
and directly beneath the cylinder off-takes, air temperatures have 
been observed as high as 500° F. Temperatures up to 300° F. have 
been reached at a point 4 inches below the surface of the concrete. 

In the engineering field, sufficient evidence is available to show 
that this degree of temperature can have but little effect on good 
concrete. Examples from the Pacific Gas and Electric Co.’s proper- 
ties will substantiate this statement. 

Numerous 600-800 H.P. Sterling boiler foundations have been 
supported upon piled piers so that the center wall of the batteries 
rested on concrete beams supported at the ends. These beams were 
designed to develop a compressive stress of 600 pounds per square 
inch in the concrete alone. Although maximum temperatures in the 
top center compressive sections car be conservatively placed at 700° 
F., no deflections have occurred. It may also be mentioned that, 
upon removing old gas generator foundations, the piling has fre- 
quently been found scorched. Temperatures at the foundation top 
could not have been much less than 800° F., and yet the mass was 
in good condition. 

At Station “C” Electric Plant, in Oakland, the boiler floor is sup- 
ported upon pier walls 6 inches wide. Temperatures at the tops of 
these piers have been actually observed and found to be 950° F. 
Although a very minimum of reinforcing was used, no spalling or 
deterioration was in evidence. 
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At this same station the stack is of steel, lined with “Gunite”, 
the aggregate of which is crushed firebrick. Preliminary experi- 
mental tests were conducted in which sample slabs were kept at a 
temperature of 500°—750° F., for seven weeks. Samples containing 
ordinary gravel and crushed rock showed no weakness. The test 
in this case was breakage by sledge blows. 

Instances such as these seem to indicate that temperatures of 
500° F., in compressor foundations are of little consequence. 

Notwithstanding, more comprehensive data on the subject are 
naturally desirable and experimental investigations were contem- 
plated by the committee in which the loss of compressive strength 
was to be determined after various degrees of heating. However, 
a search in the literature revealed an extensive study by Drs. R. 
Grun and H. Beckmann (Dusseldorf).* A summary of their con- 
clusions follows: 

“Concrete stands up very well even at high temperatures. Col- 
lapse occurs only at about 2100° F., with a load at 30 pounds per 
square inch.” 

“Blast Furnace Portland Cement shows better results than the 
ordinary Portland Cement and indicates an increase in strength with 
a rise in temperature up to 575° F.” 

“The maximum influence is generally reached after concrete has 
been for two hours at a constant temperature. This would seem to 
indicate that prolonged heating, however extended, has no further 
effect.’ This has been substantiated by the previous installation 
examples given in this report. 

“The class of aggregate has great influence. Quartz aggregates, 
especially granite, give poor results. Limestone is satisfactory up 
to 1300° F. Trap rock of diabase is highly satisfactory for tempera- 
tures considerably in excess of 1300° F.” 

“Sudden cooling, as in water, causes marked deterioration, even 
from temperatures of only 575° F., the concrete retaining but 30-50 
per cent of its original compressive strength. With sudden cooling 
from 950° F., it retains but 10-30 per cent of its strength.” 

“An increase in the amount of finer particles is an advantage. 
It may here be mentioned that, for mass construction, it is common 
practice to throw in stone of cobble size. The bond developed in 
this case is poor and such policies should be discouraged.” 


The influence of temperature is shown in Table No. 4. 


TABLE NO. 4. PERCENTAGE LOSS OF ORIGINAL COM- 
PRESSIVE STRENGTH TO BE EXPECTED AT VARIOUS 
TEMPERATURES, USING PORTLAND CEMENT 
WITH SLOW COOLING. 


Class of Temperature °F. 
FRI sic. ncicscinsctcilecigninsescctigusetianns 554 950 1300 1650 
6. RRR aasabalnnie:. 9908S SSE eb apenein ce 18 42 70 93 
OES SEDI Tee AE Ie ae EE 10 42 84 92 
eS ERR SR leet aie a ae ae 23 45 60 83 
Luebnce or Trap Meck... 8 19 62 84 


The foregoing conclusions indicate that temperatures up to 500°F., 
are insignificant. This is especially true of foundations since the 
compressive strength is rarely utilized. The mass inertia is the 
prime factor. Consequently, every precaution must be taken to re- 
tain the mass unity. 

In justice to the cement manufacturers, it must be mentioned that 
the compressor foundations exhibiting failure were without the neces- 
sary steel reinforcement. This is a dangerous practice, and in no 
way an economical one, particularly when a vibrating load is to be 
supported. Very little dependence can be placed on the tensile 
strength of concrete. The temperature of set, irregularities in 
curing, and settling during this same period can easily produce 
strains sufhcient to break the continuity of a large mass. Fre- 
quently, for convenience in construction, the filling of the form is 
not completed in one pouring, again destroying the unity. Any 
one of these factors are of enough importance to demand generous 
reinforcement, particularly for reciprocating installations. A top 
and lower mat lacing is certainly desirable and enough vertical re- 
inforcement should be included to fix piers to the main mass. 

Considerable evidence is at hand to show that the infiltration of 
oil into the mass seriously weakens the concrete, but it has also 
been proven that the concrete can be made impervious to oil by 
properly curing it. Some years ago the City of Seattle conducted 
an investigation which was intended to show the effect of oil upon 
concrete specimens under different curing conditions. 

H. M. Hadley of the Portland Cement Association furnished the 
following report on this test: 

“The specimens consisted of 2-in. x 4-in. mortar cylinders made 
from the same batch. One series was cured in water 28 days, and 


ll 


_*"The Behavior of Cement, Aggregates, and Concrete at High Temperatures,” 
Cement and Cement Manufacturing, March, 1930, published by Concrete Publica- 
tion Limited, (English). 
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the other was sprinkled 3 times a day for 10 days and then cured 
in the air of the laboratory. One cylinder of each series was 
broken recently after having been continuously immersed in crank 
case oil for a period of ten years. 

“The specimen which was cured in water for 28 days had been 
unaffected by immersion in oil, and had absorbed oil no deeper 
than a surface film. The other specimen was completely saturated, 
and colored all the way through. 

“The well cured specimen broke at a load of 10,210 pounds per 
square inch, while the cylinder of the other series broke at a load of 
4,920 pounds per square inch.” 

This test furnishes convincing proof of the importance of sufh- 
cient curing in producing impervious concrete. The graph, Fig. 2, 
taken from the Portland Cement Association’s booklet on the “De- 
sign and Control of Concrete Mixtures,” illustrates its importance 
in producing high compressive strength. 

While the control of concrete mixtures is thoroughly covered 
elsewhere, its important relation to the strength of the mass justi- 
fies a brief review in this paper. 

It has been established that the desirable properties of concrete, 
including strength, are governed by the ratio of the net quantity 
of water used per sack of cement, provided the mixture used is 
plastic and of workable consistency. 

So long as a plastic mixture is used, the proportion of aggregate 
to cement has little influence on strength, and is important only 
from the standpoint of workability and cost. The curve, Fig. 3, 
shows the relation between the water-cement ratio and compressive 
strength. In the case of concrete-foundations for gas engines, sim- 
ilar to those discussed in this paper, your Committee recommends 
that the water cement ratio be six U. S. Gallons of water per sack 
of cement; and that the quantity of aggregate be determined by 
trial to give a sufhciently stiff mixture, with just enough fine 
aggregate included to permit troweling to a smooth finish. 

Obviously, the data included in this report are representative of 
only such mixtures as conform to current specifications concerning 
the water-cement ratio, method of curing, and absence of organic 
material. In conclusion, the statement may be made that, in view 
of the evidence on hand, other factors than the temperatures of 
the mass have been the cause of compressor foundation failures. 


EFFICIENCY OF AIR FILTERS FOR GAS ENGINES 


It is the understanding of this Committee that by “Efficiency of 
Air Fliters” is meant a measure of their effect in prolonging the 
life, and reducing the maintenance expense on gas engines, rather 
than a measure of the proportion of dust in air which they are 
able to remove. This »oint is brought out because the filters now 
available on the open market are capable of removing over 99 
per cent of the dust from the air that passes through them. 

The Compressor Committee’s report for 1930 described the va- 
rious types of filters available, and suggested a test which, if 
carried on over a period of years, would give a fair idea of the 
value of a filter on the air intakes of large gas engines. Such a 
test was started at the Dominguez plant of the Southern Cali- 
fornia Gas Co. last year. Unfortunately, changes in operating 
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conditions occurred shortly thereafter which made it necessary 
to shut the plant down before any definite conclusions as to 
filters could be drawn. In March 1932, the Dominguez filter, 
which was of the dry, felt bag type, was moved to the Ventura 
plant of the Southern California Gas Co., where it was installed 
on the air intake of a 160 H.P., type 80 Cooper engine. This unit, 
and the adjoining one, were overhauled on March 18, and micro- 
meter measurements of the power cylinders were recorded. Both 
units have been running continuously since that date, with identical 
loads, lubrication, and other operating conditions. 

On May 21 both engines were examined, and the dust collected 
on the filter was weighed. It was found that 183 grains of dust 
were intercepted, but apparently the period of operation was too 
short to reveal any improvement in cylinder wear. The micro- 
meter measurements were no greater than those recorded at the 
start of the test. The pistons and heads were replaced without 
being cleaned up, and the test will be continued indefinitely. 

During the past four years, the Southern Counties Gas Co. has 
had an interesting experience with piston ring wear in the two 
160 H.P. units at their Santa Paula plant. At certain times of the 
year severe dust storms occur in that area. 

The engines at this plant were operated from 1927 to 1930 
without air filters, and at the end of the first 12 months of opera- 
tion, a fairly normal liner wear of 10/1000 of an inch was re- 
corded. In the second year, however, after five months of running, 
it became necessary to replace the piston rings. The periods 
between ring replacements decreased steadily thereafter, until the 
end of 1930, when the average life of piston rings dropped to 
between 45 to 60 days of operating time. Furthermore, throughout 
the period of operation without filters, a great deal of trouble was 
experienced with the mixing valves. It was found that, as the air 
passed through the mixing valve ports, some of the dust was 
deposited upon the valve surfaces, causing sticking, and conse- 
quent uneven operation. ‘These valves had to be cleaned every 
60 days. 

In November of 1930, the power pistons and liners in both 
engines were replaced, and the air filters were installed. Since 
that time, the engines have operated approximately 3500 hours. 
It has not been necessary to clean the mixing valves, and the cyl- 
inder liner wear amounts to but 3/1000 of an inch. The piston 
rings are in excellent condition, and apparently are good for many 
more months of service. 

A comparison of the average dust concentration in the air at the 
Santa Paula and Ventura plants was undertaken, using the equip- 
ment described in the 1930 report. ‘The blower, which is rated at 
960 cu. ft. of free air per minute, was operated for 31 days at the 
Southern Counties Ventura plant. At the end of that period, the 
dust was removed from the filter and weighed. It was found that 
36% grains had been intercepted. Since the volume of air passing 
through an 18-in. x 20-in. cylinder, at 190 R.P.M., is approximately 
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176 cu. ft. per minute, the dust deposited per cylinder per month 
would be 

176 

— X 36.5 = 6.7 grains 

960 


This figure is much lower than that of the test referred to above, 
in a nearby location, at which 183 grains of dust were intercepted 
in 71 days, or 40 grains per cylinder per month. The discrepancy 
may be due to the fact that the lower quantity was recorded during 
the rainy season. 

Starting May 11th, the measuring equipment was operated for 
26 days at the Santa Paula plant. A total of 246 grains were in- 
tercepted for the period, so the dust deposited per cylinder per 
month was 

31 3=—- 246 
— X — = 146 grains 
26 2 


All the above data apply to a 4 cycle 19-in. x 20-in. cylinder, 
operating at 190 R.P.M. 

Consideration of the difficulty experienced in removing and 
weighing the dust collected; of the effect of seasonal changes upon 
dust content of the air; and of the variance in operating conditions 
at the plants where these tests have been conducted, indicates that 
the results obtained so far should be supplemented by a number 
of additional tests before being used to draw conclusions. It is of 
interest to note, however, that where the dust entering the engine 
amounted to 146 grains per cylinder per month, the piston rings 
lasted only 60 days, and where the dust amounted to 40 grains 
per cylinder per month, the rings lasted approximately one vear- 


Natural Gas Measurement* 


Water Vapor In Gas 
fi spe Committee has reviewed work that has been done in the 


past by committees of this Association on the Determination 
of Water Vapor in Gas. These committees are as follows: 
1926 Committee on Measurement, 1927 Committee on Measurement, 
1930 Committee on Transmission Pipe Lines, and 1931 Committee 
on Transmission Pipe Lines. 
' From this review the following conclusions are drawn: 

The rather extensive work thus far performed by various com- 
mittees of the Pacific Coast Gas Association 
in attempting to establish a_ satisfactory 
method of determining the amount of water 
vapor in flowing gas, and the factors to be 
applied to gas measurement to correct for 
the water vapor present, only seems to con- 
firm the impracticability of such corrections 
under existing conditions. 


Even though a suitable method were estab- 
lished for determining the amount of water 
vapor present, the fact that there is a wide 
variation in the moisture content of gases 
from many sources would make it extremely 
dificult to apply a single factor which would 
give a reasonably accurate result over an 
extended period. In view of the fact that a 
large percentage of the gas measured by 
means of orifice meters is handled at rela- 
tively high pressures, it seems questionable that, in general, the 
error introduced by the presence of water is sufficient to warrant 
the complications and expense involved in correcting it. 

The Committee feels that there is an error involved and that the 
determination of this error is a problem which should be turned 
over to a full-time research agent. 


R. L. Cook 
Chairman 


Temperature of Gas Delivered to Large Consumers 


A discussion of the methods used in measuring the temperature 
of gas delivered to industrial consumers is taken from the replies 
to a questionnaire forwarded to all member companies of the Asso- 
ciation who serve natural gas to such customers. 

All companies correct the coefhicient for temperature where orifice 
meters are used. These temperature corrections are made at the 
same time gravity corrections are made and individual consideration 
is given to the various types of loads, some being corrected daily, 
some weekly, some semi-monthly, and others monthly. 


*Committee Report: R. L. Cook, Chairman, So. Calif. Gas Co.; K. B. Anderson, 
Coast Industrial Gas Co.; A. R. Bailey, Coast Counties G. & E. Co.: Phil 
Beckman P. G. & E. Co.; J. A. Calhoun, So. Calif. Gas Co.; M. J. Cereghino, 
L. A. G. & E. Co: H. M. Dwight, So. Calif. Gas Co.; H. A. Hurley, So. Calif 
Gas Co.: Wm. LaViolette, P. G. & E. Co; L. F. Reetz. P. G. & E. Co.; Edgar 
Wilde. So. Counties Gas Co.: F. H. Winslow, So. Counties Gas Co.: L. Wollen- 


berger, Coast Counties G. & E. Co.- 
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On installations made up of positive meters a few of the com- 
panies make temperature corrections. In general, this is determined 
by the size of the load, the minimum load being 2500 or 3000 cubic 
feet per hour. 

Recording thermometers are being used in practically all cases. 
Some thermometers are permanently installed, whereas one or two 
of the companies have some portable recording thermometers which 
are moved from meter to meter as conditions warrant. 

In almost all cases thermometers are located on the outlet side 
of the meter, although one company reports the location in the 
intake manifold. 

Corrections are being made weekly or in a few cases, monthly, 
the daily average temperature being averaged for the period in 
question, consideration being given to periods of no flow, in order 
to obtain a weighted average. 


Selection of Meter Type for Large Consumers 


Additional questions were asked to determine the practices of the 
various companies with regard to the adaptability of positive, 
rotary and orifice meters. The companies reporting had industrial 
and commercial consumers on their lines varying in numbers from 
approximately 25 up to 500. 

Except for one company where orifice meters are largely used, 
the majority of these consumers are served with displacement 
meters. The capacities range from 500 cubic feet to 10,000 cubic 
feet per hour, per meter. Most operators limit the maximum num- 
ber of meters per battery to three, although special conditions may 
alter this, such an extreme fluctuation in load or a considerable 
distance from operating headquarters. The latter would greatly 
increase the cost of operating due to daily chart changing if orifice 
meters were used. 

The rotary meter is at present being used by only one company, 
although it is contemplated that additional installations may be 
made in the near future. No information is available as yet on 
operating and maintenance costs. 

The selection of the type of meter is a matter of considerable 
variance. One company reports that for any consumer using 
20,000 cubic feet per hour or over, an orifice meter is set. For 
any load below this, displacement type meters are used. Other 
utilities limit their positive meter pressures to 60 pounds, using an 
orifice meter where pressures are required above this point. One 
operator reports that an orifice meter is seldom used for pressures 
below 20 pounds except when the load exceeds 125,000 cubic feet 
per hour. It would seem that the rotary meter should merit serious 
consideration for intermediate flows, say from 30,000 to 60,000 
cubic feet per hour. 

Practice varies widely in the typical orifice meter setup. Where 
loads are fairly uniform and special conditions are not in evidence 
a single orifice gauge is installed on a single meter run. Most of 
those reporting, however, have a number of sets with two or in 
some cases, three meter runs, each equipped with a separate record- 
ing gauge. Where such great flexibility is not required and yet 
loads show considerable variation, such as where the minimum 
is as little as 30 per cent of the maximum flow, combinations of 
50 inch and 10 inch, or 100 inch and 10 inch gauges are used on 
a single meter tube. 


The practice of setting two regulators at each meter setup is 
used by practically all companies. This consists of one regulator 
ahead of the meter and one immediately after. On high pressure 
transmission lines this must be done because one regulator cannot 
reduce the pressure satisfactorily. A greater meter capacity is also 
provided for by having only one of the regulators ahead of the 
meter. More accurate chart reading and greater accuracy in meas- 
urement is the result also, due to a more constant pressure on the 
gauge. 

Under special circumstances an integrating device has proven 
of real merit. Some consumers insist on knowing the volumes 
consumed at definite periods which do not correspond with the 
regular reading periods. Extreme variations in pressures and 


WESTERN GAS 


volumes which make chart reading rather difficult are also given 
as reasons for the use of integrators. 

Daily charts are used on all orifice meters except in extreme 
cases of uniform load or great distance from operating headquar- 
ters. Weekly charts are in general use on displacement meters by 
all companies. This matter is largely governed by individual cases 
where the costs of operation must govern. 

Practically all meters are so equipped that they can be tested in 
the field. There are some located in congested districts in base- 
ments, etc., which makes this impractical. They, then, must be 
removed to the shop for testing. Most companies protect their 
meters with filters, although, some establish districts and filter all 
gas entering these districts. 


CRITICAL FLOW ORIFICE PROVERS* 


T was originally intended that the work of this sub-committee 

consist of running tests on critical flow orifice provers for field 

testing of large volume displacement meters, supplementing the 
Measurement Committee Report of i931. However, in conducting 
the tests some interesting observations were made on large volume 
displacement meters, and these are included in the report. 


A pparatus 

A test installation was made consisting of a balanced valve 
regulator, orifice meter, two displacement meters and a critical flow 
orifice prover—all connected in series (See Fig. 1). This experi- 


*Prepared by Subcommittee of Measurement Committee: A. R. Bailey, Chairman, 
Coast Counties G. & E. Co.; L. F. Reetz, P. G. & E. Co.; Louis Wollenberger, 
Coast Counties G. & E. Co. 


TABLE NO. 1. CRITICAL FLOW ORIFICE PROVER 
PER CENT ERROR 
Using Orifice Meter as Accuracy Standard 


Test Pressure 
Lbs. persq.in. Rate of Flow (Uncorrected for Pressure) Average 
Gauge 10,000 6,000 4,000 2,250 1,000 Proof 


20 +0.1 —1.7 —2.8 —2./ —1.8 
25 O.K. —z2.1 —2.8 —3.5 —z2.1 
35 —1.25 -—2.0 —3.5 —3.9 —2./ 
50 —1.4 —2.0 —3.4 —4.0 —2./ 
75 —2.5 —2.5 —3.1 —2.5 
100 —2./ —3.6 —1.9 —2.7 
125 —3.4 —— 3.9 —3.1 —3.2 
150 —1.0 —3.4 —3.4 —Z2Z.5 
175 —1.9 —4.1 —4.3 —2.6 
200 —2.1 —4,7 —4,7 —2.6 


are 
TABLE NO. 2. DISPLACEMENT METER NO. ONE 
PER CENT OF ERROR 
Using Orifice Meter as Accuracy Standard 


Test Pressure 
Lbs. persq.in. Rate of Flow—CubicFeet per HourIndex Average 
Gauge 10,000 6,000 4,000 2,250 1,000 Proof 


20 +2.0 —2.4 —~3.4 3,1 mm 75 
25 +2.4 —2.0 —3.8 —4,2 —1.9 
35 +1.1 —0.9 am $.6 —6.0 = 3.35 
50 +1.7 +0.4 —2.9 —4,3 ~—] 3 
75 +0.7 —0.9 —4.0 —3.4 —<+],9 
100 +0.2 —2.1 —2.6 ——f 0) —2.1 
125 —(),§ —1.6 — 3.6 a ny 
150 ==] ,2 O.K. 3,7 —3.9 —2.2 
175 —2.1 ——].2 —5.0 1.8 —2.5 
200 on §.7 —{.3 —5.4 —4.9 —4,4 


(SPLACEM. 


CRITICAL FLOW 


a 


BL/NO FLANGE PLACED HERE 
| WHEN TESTING METER Ne.1 ALONE, 


20° TRANSMISSION MAIN. A 


Fig. 1. Experimental set-up to test critical flow orifice prover. 
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Curve No. 3. Displacement meter No. 2, per cent error, using orifice meter as accuracy standard. 
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cent error, using critical flow orifice prover (field method) as accuracy standard. 
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mental installation was connected to a transmission line carrying 
200 pounds per square inch in pressure, thus a very wide range 
in available pressure and volume was obtained. 

Carefully calibrated orifice meter tubes with straightening vanes 
were used. Test gauges, checked with dead weight tester, were 
used for static pressure reading and manometer readings taken for 
differential pressures. Recording thermometers, checked with certi- 
fied pencil thermometers, were installed upstream and downstream 
from the orifice disc, and the average of these two taken for the 
temperature coefhcient. All orifice meter computations were cor- 
rected for deviation from Boyle’s law. 


Tests 


With these precautions it was assumed that the orifice meter was 
accurate, and gas was passed through the various size critical flow 
caps at various pressures, 

Results of these test runs are given in Table No. 1 and presented 
graphically on Curve No. 1. 

Test runs were made with two displacement meters in series with 
the orifice meter and at various operating pressures and rates of 
flow. Due to differences in case strengths, one meter was only 
tested up to 50 pounds, while the other was run up to 200 pounds. 

Results of these tests, using the orifice meter as accuracy standard, 
are given in Tables No. 2 and No. 3 and Curves No. 2 and No. 3. 
At the same time as tests shown on Tables No. 2 and No. 3, gas 
was passed through critical flow orifice prover. Using the flows 
indicated by the critical flow orifice as accuracy standard, the dis- 
placement meters give percentage of error as shown on Tables No. 
4 and No. 5 and Curves No. 4 and No. 5. 


DISPLACEMENT METER NO. TWO 
PER CENT OF ERROR 


TABLE NO. 3. 


Using Orifice Meter as Accuracy Standard 


‘Test Pressure 


Lbs. persq.in. Rate of Flow—CubicFeet per HourIndex Average 
Gauge 10,000 6,000 4,000 2,250 1,000 Proof 

20 —2.4 —1.9 —2.3 —z2.8 —2.35 

25 —1.6 —2.1 —1.8 —1.9 —1.85 

35 —2.6 —1.6 —1.2 —1.5 —1.73 
50 —4.0 —3.5 —2.0 —2.0 —2.9 


DISPLACEMENT METER NO. ONE— 
PER CENT OF ERROR 


TABLE NO. 4. 


Using Critical Flow Orifice Prover (Field Method) as Accuracy 
Standard 


Test Pressure 


PER CENT ERROR 


Lbs. persq.in. Rate of Flow—CubicFeet per Hourlndex Average 
Gauge 10,000 6,000 4,000 2,250 1,000 Proof 
20 +1.6 —0.8 —0.8 —(.3 —(.2 
25 +2.2 —0.2 —1.2 —1.0 —0.05 
35 +2.0 +-1.0 —(.4 —().8 +0.45 
50 +2.5 +1.8 O.K. —().9 +0.85 
75 “P27 +0.9 —1.5 —2.2 O.K. 
100 +2.3 +0.7 -—1.6 —2.4 —().25 
125 +-1.8 T12 —1.7 —2.7 —0.25 
150 —1.3 +-2.0 —1.6 —3.0 —1.1 
175 —z2.0 +-1.3 —2.6 —3.2 —1.6 
200 +1.0 —2.7 —3.4 —1.7 
TABLE NO. 5. DISPLACEMENT METER NO. 2— 


PER CENT OF ERROR 


Using Critical Flow Orifice Prover (Field Method) as 


Accuracy 


Standard 
Test Pressure 
Lbs. persq.in. Rate of Flow—CubicFeetper HourIndex Average 
Gauge 10,000 6,000 4,000 2,250 1,000 Proof 
20 —1.0 +1.0 +1.0 +1.0 +0.5 
25 —1.0 +1.0 +1.0 +1.0 +0.5 
35 —1.0 +1.0 +1.0 +1.0 +0.5 
50 —1.0 +1.0 +1.0 +1.0 +0.5 
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Curve No. 5. Displacement meter No. 2, per cent error, using 
critical flow orifice prover (field method) as accuracy standard. 


While making these tests, observations were also taken of pressure 
differentials across the displacement meters at the various pressures 
and rates of flow. Differentials across both Meters No. 1 and No. 
2 were within 0.2 inches of water. These differentials are given in 
Table No. 6 and plotted on Curve No. 6. 


Conclusions 


In comparing Curves No. 1, No. 2 and No. 3, it is the opinion 
of the committee that a certain error is present in the orifice meter, 
which tends to exaggerate the minus error in proofs of the critical 
flow orifice as well as Meters No. 1 and No. 2. The marked sim- 
liarity in average proof on Curve No. 1 and Curve No. 2 tends 
to support this opinion. The trend of Curve No. 1 shows definitely 
that the critical flow prover may be used up to pressures of 200 
pounds gauge with commercial accuracy. 


Apparently, large volume displacement meters vary somewhat 
in proof at different operating pressures, but due consideration must 
be given to the fact that the committee made little effort to put 
the displacement meters in perfect adjustment. The purpose of 
these tests was to demonstrate the reliability of the critical flow 
prover rather than the accuracy of displacement meters. Registra- 
tion of displacement meters at higher pressures is affected by devia- 
tion from Boyles law. Super-compressibility factors for displace- 
ment meters are applied directly, whereas the quantity passing the 
critical flow orifice will vary as the square root of these. super- 
compressibility factors. Therefore an identical comparison between 
the displacement meter and critical flow prover is not obtained at 
these higher pressures. This condition affects the proofs at higher 
pressures shown on Curve No. 4. 

In perusing the tests made, consideration must also be given to 
a possibility of slight error introduced by temperature readings, 
as the entire experimental set was located outside. For ideal testing 
conditions, this test should have been made indoors, but such 
facilities were not- available. The committee recommends that 
additional tests be made to demonstrate the variation of proof of 
displacement meters with pressure. In doing this a number of 
carefully adjusted meters should be used and tests made under 
better controlled conditions. 

After carefully weighing all the data, the committee feels justi- 
fied in making the following statements and recommendations: 


1. Critical flow orifice provers are satisfactory for field testing 
of large volume displacement meters. 


2. Critical flow orifices must be carefully checked periodically, 
as the rated air time is known to change after reasonable usage. 


3. Stop watches should be carefully checked periodically. Three 
stop watches used during the tests did not entirely check each other, 
although the error was slight. 


4. Large volume displacement meters should, where possible, be 
tested at the pressure or rates of flow which will produce differen- 
tials closely approaching actual operating differentials. 
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Curve No. 6. Pressure differentials across displacement meters, in inches of water. 
TABLE NO. 6. PRESSURE DIFFERENTIALS ACROSS The Deviation Factor 


DISPLACEMENT METERS—INCHES OF WATER 


Operating 
Pressure 
Lbs. per sq. in. Rate of Flow—Cubic Feet per Hour Index 
Gauge 10,000 6,000 4,000 2,250 1,000 
20 4.5 1.7 0.7 0.25 
25 5.1 1.9 0.8 0.3 
35 6.8 2.4 1.1 0.35 
50 8.9 3.2 1.4 0.45 
75 4.4 2.0 0.7 0.2 
100 5.7 2.6 0.9 0.2 
125 7.3 3.1 1.0 0.25 
150 8.4 3.6 1.2 0.3 
175 9.8 4.3 1.6 0.3 
200 11.2 4.9 1.8 0.3 


The Deviation of Natural Gas from 
Boyle’s Law 


By Puiuie E. BecKMAN 


Assistant Engineer, Department of Gas Construction and Operation. 
Pacific Gas and Electric Company 


HE purpose of this paper is to cover briefly the deviation of 
gases from Boyle’s Law, particularly those phases of the sub- 
ject which apply to the natural gas industry.. Various details 
are purposely omitted since these have been presented in earlier 
articles, references to which are given. An attempt is made, instead, 


to provide continuity to the subject as a whole and to give infor- 
mation that will be useful to those engaged in this branch of gas 
measurement. In fact, although partly historical, the material serves 
as a chronicle of the activities of the Pacific Gas and Electric Co. 
in this field. 


According to the law of Boyle, the volume of a given weight of 
gas varies inversely with the absolute pressure. ‘This variation 
may be expressed as follows: 


Pr Vi =Pu Vu =a constant. 


where the subscript 1 identifies the product of pressure and volume 
as being that at low pressure, while the subscript ua refers to a 
higher pressure. A ratio of these products should, therefore, equal 
unity and, according to Boyle’s Law, 

ra ¥u 


1.0 


Pu Vu 


Seldom is this statement a fact. Natural gas, being super-expan- 
sible under ordinary conditions of pressure and temperature, ex- 
hibits for this ratio a value greater than unity, and 


Py Vi 


= Y «x to L), 


Py Vu 


where Y designates a super-expansibility factor, used in the gas 
industry, for a decrease in pressure from un to x. Obviously, both 
products of the ratio represent evaluations dependent upon experi- 
mental determinations. 

For Px Vu may be substituted Px Vir, a low pressure product 
numerically equal to Pu Vu, the subscript 7 identifying Vi as a 


theoretical volume based upon Boyle’s Law. Consequently, 
Vi 
= Y (un to 1) 
Vir 


This conforms to the general conception that the deviation factor 
is equal to the ratio of the actual metered low pressure volume, 
after an expansion, to the volume which should result were Boyle’s 
Law true. 

When natural gases are subjected to very high pressures, all sys- 
tem and order in the deviation characteristic ceases; this is shown 
in Fig. 1. ‘” Between 150 and 200 atmospheres, methane reaches its 
maximum deviation for a condition of Y being greater than unity; 
beyond this pressure a decline is shown. Between 300 and 400 at- 
mospheres, at ordinary temperatures, we find the gas. conforming to 
Boyle’s Law. Beyond these pressures a negative deviation factor 
is indicated. Since the volume measurement of natural gas is rarely 
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conducted at pressures in excess of 50 atmospheres, this departure 
from regularity is of no consequence. Obviously, a slight curvature 
can generally be expected. 

In the field of physical chemistry many attempts have been made 
to invent formulae to express deviation, notably by Van der Waals, 
Dieterici and Berthelot. Needless to say, only the most complicated 
inventions have even presumed to approximate the true variations. 
This phase of the subject can be justly ignored, as it is of no prac- 
tical value to the gas industry. 

In Fig. 2 are shown deviation curves for a typical Kettleman 
Hills dry gas, such as is distributed by the Pacific Gas and Electric 
Co. Within the limit of pressure shown, a very slight curvature 
exists. It is noticeable that, with equal decrements of temperature, 
there occur increasing increments of deviation. The curves give 
the results of tests on a gas made up entirely of the parafhne series, 
of 1195 gross B.t.u. and 0.662 specific gravity. 

While no intimation is intended that deviation may be estimated 
with any degree of accuracy, Fig. 3 does show the general trend 
of deviation with specific gravity. These data have been taken 
with COs free gases from high pressure absorber discharges in the 
Kettleman region. A change in gravity thus becomes an index of 
the approximate change in deviation, and indicates whether an 
adjustment of deviation corrections is desirable. 


Application of Deviation to Meters 


High pressure gas, measured by displacement meters, is usually 
reduced to some standard base pressure by means of an ordinary 
pressure conversion factor. A correction for super-expansibility is 
made by merely multiplying this converted volume by an experi- 
mentally determined deviation factor for an equivalent pressure 
reduction. 

A different application is necessary in the case of orifice meters. 
A representative orifice flow formula may be written as follows: 


Geka) 


In this equation, (Q) is the flowing volume rate, (h) the pres- 
sure differential, (P) the static pressure, (S) the specific gravity, 
and (K) a constant including orifice area, friction, base pressure, 
and fundamental unit conversions. In this instance the flowing 
quantity cannot alone be corrected for deviation. Obviously, due to 
deviation, the density of the gas in the meter will be greater than 
that indicated by the static pressure. This irregularity may be cared 
for by multiplying the specific gravity by the deviation factor which 
gives the following: 


Be ee. 
Q=¥K4/h——=Ky4/Yh 
Ys 


Y represents the deviation factor for a pressure reduction from 
P to the standard base pressure employed. Orifice meter volume 
rates are, therefore, corrected for deviation by multiplying by the 
square root of Y. 
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Since pipe line flow formulae have an identical dimensional 
structure, deviation corrections may be similarly applied to pipe 
line flows. The deviation factor, naturally, should fit the average 
line pressure, 


Other Forms of the Deviation Factor 

In the literature, the deviation of gas from Boyle’s Law is usually 
given in terms of a super-compressibility factor which is but the 
reciprocal of a super-expansibility factor. If (C) represents the 
super-compressibility factor, 


I Py Vu Vir 


Y Pr Vi Vu 


Data are also frequently published as “per cent deviation.” 
Caution need be used in converting these data to other forms since 
per cent deviation based upon expansion is not equal to that based 
upon compression. For example, a gas of super-expansibility factor 
1.25 would have a super-compressibility factor of 0.80. The per 
cent deviation in the two cases would be as follows: 


100 (1.25.— 1.00) = 25% 
100 (1.00 — 0.80) = 20% 


Conversion of Factors to Other Base Pressures 


Scientific investigators generally favor the zero absolute pressure 
base when presenting deviation data. They are then expressed 
as follows: 

Py Vu Pe Vo 


Pe Vo Py Vu 


Page 134 


P, V. is a hypothetical product, indeterminate, and evaluated 
only by means of extrapolation. Yet, it is the most useful reference 
base. 

The conversion of a deviation factor, referred to a zero pressure 
base P., to any other pressure base Px may be accomplished by 
dividing the factor by the deviation factor for Px referred to the 
P, base. This is true for both super-compressibility and super- 
expansibility factors. The conversions in Table No. 1 will serve 
as an example of this procedure. Factors referred to a zero pressure 
base have been converted to a 100 atmosphere base. 


TABLE NO. 1 


Abs. Given C * Y ¥ 
Press Ref. to Ref. to Ref. to Ref. to 
Atm. P, base Pio base P.. base Pioo base 
300 0.7 0.7/0.9 1/0.7 0.9/0.7 
200 0.8 0.8/0.9 1/0.8 0.9/0.8 
100 0.9 0.9/0.9 1/0.9 0.9/0.9 


0 1.0 1/1.0 


Attention is called to the fact that a compressibility factor is sensi- 
bly a product of P and V. If it is so treated, no confusion should 
result with any type of conversion. 


Naturally, this procedure is also applicable to a condition where 
the original data are referred to a pressure base above zero, with 
the reservation that the new base be at a pressure greater than that 
for the original data, in order that interpolation can be effected. 


When it becomes necessary to convert factors to a pressure base 
lower than the base of the original data, extrapolation may be per- 
formed. In this event, it is desirable to plot the data in the form of 
both super-compressibility and super-expansibility factors and to 
choose whichever form presents the nearest to a linear relation with 
pressure. The following example is based upon a condition where 
the super-compressibility factor varies as a straight line with pres- 
sure. The factor (C) has again been treated as a product of P and 
V, as is evident in the extrapolation beyond unity. In Table No. 2, 
data terminating at and referring to a 200 atmosphere base, have 
been extended and referred to a 100 atmosphere base. 


TABLE NO. 2 

Abs. Given C Prod. of P and V C 

Pres. Ref. to and Extrap. to Ref. to 
Atm. Pao Base P—100 Poo Base 
400 0.8 0.8 0.8/1.1 
300 0.9 0.9 0.9/1.1 
200 1.0 1.0 1.0/1.1 
100 1.1 1.1/1.1 

Early Deviation Methods 
Burrell and Robertson, in 1917,‘°’ experimented upon natural gas 


and its constituents and offered data on methane, ethane, and pro- 
pane. A method, presumably based upon partial pressures, was 
developed whereby the deviation of a mixture of gases of the para- 
fhne series and COs could be computed from the known deviations 
of its constituents. This method was considered practical since a 
direct experimental determination upon a mixture gave very nearly 
the same result. The super-expansibility factors of Burrell and 
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Robertson are shown in heavy full lines on Fig. 4. On this figure, 
also, are given the experimental results of three separate investi- 
gations by the Pacific Gas and Electric Co., H. S. Bean of the 
Bureau of Standards,“ and by Hamline, Koalines and Gaddy‘” on 
methane of various degrees of purity. These later data indicate 
that the deviation factor for pure methane, at 400 lbs. per sq. in., is 
about 2 per cent lower than the value presented by Burrell and 
Robertson. Although the curves for ethane and propane may show 
the same discrepancy they are of interest in so far that some idea of 
the relative deviation of these three gases may be obtained. 

The determination of the deviation of a mixed gas by calculation 
is not convenient since the fractional analysis must be known; the 
ordinary combustion analysis is insufhcient. Since at the present 
time, deviation tests are shorter and cheaper than fundamental 
analyses, nothing is to be gained by attempting to compute the devi- 
ation of a mixture. Moreover, no authentic data are available, 
particularly at temperatures other than 60°F. 

The first direct method used in the natural gas industry for deter- 
mining the deviation of natural gas from Boyle’s Law was devel- 
oped by E. D. Silcox‘*” in 1925. The procedure involved the expan- 
sion of high pressure gas from a container of known volume, the ex- 
panded gas being metered by a wet test meter. The ratio of the low 
pressure metered gas to the low pressure gas which should have 
resulted, in accordance with Boyle’s Law, provided the deviation 
factor. 

In the original procedure, the swelling of the dry gas, as it 
passed through the wet test meter was ignored and results were 
usually about 1 per cent high throughout the pressure range. An 
example of these erroneous results is given on Fig. 5, which shows 
that the error in per cent deviation varies from 10 per cent at 500 
Ibs. per square inch to 50 per cent at 100 Ibs. per square inch. A 
correction for partial saturation is unsatisfactory, since control of 
the meter temperature is quite impossible. The inclusion of foreign 
vapors is the greatest source of error in deviation determinations, 
and must be religiously avoided. Notwithstanding, credit is due 
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Mr. Wilcox for his procedure and system of calculation, whereby 
data throughout the pressure range were available from a test on 
one sample. 


The Bureau of Standard’s Deviation Apparatus 


The first practical apparatus for determining deviation from 
Boyle’s Law was developed in 1930 by H. S. Bean “ of the Bureau 
of Standards. This instrument satisfied the strict qualifications 
necessary for convenient and accurate testing. Fig. 6 is a diagram- 
matic sketch of the apparatus, the principle of which is as follows: 


Gas, at high pressure in the steel bomb, is expanded through the 
control valve to about atmospheric pressure. By manipulating the 
three-way cock and raising and lowering the mercury in the burette, 
this low pressure gas can be transferred to the glass burette. After 
several fillings and purgings of the burette, the pressure in the 
bomb is reduced to approximately one atmosphere. The burette 
functions as a meter and the expanded gas can be accurately ac- 
counted for, since the temperature is kept constant by the water bath 
and pressures are measured by the manometer. From the bomb 
pressure and relative dimensions can be determined the atmospheric 
volume which should result from Boyle’s Law. Dividing the volume 
actually metered by this computed volume obtains the deviation 
factor. 
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The manipulation of this apparatus and the system of calculation 
need not be repeated here since these, together with the design of 


Fig. 6. Diagram of Bureau of Standards’ Deviation Apparatus. 
P, V, 
Vi, —=—/(Pa}s Ys— (Pa)e Ye] from which 
B. 8B, 


the instrument, are ably treated in the introductory paper of Mr. 
Bean. 


Calibration of Bureau of Standards’ Apparatus 


Obviously, in an instrument of this kind, the relative dimensions 
of the high and low pressure volumes must be very accurately 
known. Since the apparatus is designed with these volumes con- 
stant, the volume of the low pressure burette becomes the unit of 
measurement and the absolute volume of neither is necessary; the 
ratio alone suffices. This is fortunate since accessory tubing and 
valve spaces must be included in the volumes mentioned. 

A method for determining the volume ratio directly has proven 
very satisfactory and offers conclusive proof, when necessary, that 
the calibration of the instrument has been maintained. The calibra- 
tion consists in making a run on dry air, free of CO, and any 
vapors. The deviation of air is accurately known, having been 
checked by several competent physicists. It follows that the devia- 
tion factors for air may be applied to corresponding test observa- 
tions, the order of computation be reversed, and the volume ratio 
determined. 

It is desirable that high pressure air (about 400 lbs. per square 
inch) be available for the calibration although lower pressures may 
be used if several checks are made. A supply of high pressure air, 
when safely stored, will last indefinitely; a small amount only is 
needed for each test. The air, under full pressure, should be allowed 
to pass through a drier to insure the elimination of water. Sodium- 
calcium hydrate has been found to be very effective since the absorp- 
tion of CO, is likewise effected. 

Let the subscripts s and e refer to conditions at the start and end 
of each individual cycle. 

Let B, refer to standard barometer at 14.73 lbs. per square inch. 


P, refer to absolute pressure in the burette 

(P.)s refer to absolute pressure in the bomb at start 
(P.)- refer to absolute pressure in bomb at end 

V. refer to volume of bomb and fittings 

V» refer to volume of burette 

Y. refer to deviation factor at (P:); 

Y. refer to deviation factor at (Pa)e 


The volume in the bomb at the start of the cycle is in free gas 
equal to : 
(P,) 8 , (Pade 
V. Ys and at the end is equal to 
Bs Bs 
the free gas drawn being the difference between the two; this dif- 
ference should be equal to the free gas in the burette 
Py 
sale Vp 
B, 
leading to the following equation: 


Va Ye 


Vo (Pade ¥Ys— (Pade Yo 


Va Py 

This equation is not a conversion of the usual deviation equation 
since it refers to individual cycles only and does not involve a sum- 
mation. Several distinctly separate ratios are then available from 
which an average may be taken. It is unnecessary therefore for a 
test to be ended at or near atmospheric pressure. This is fortunate 
since the effect of foreign vapors may be lessened by ending the 
run at a rather high pressure say 200 Ibs. per square inch. In fact, 
it is advisable that the ratio Le so determined. 

Should the several ratios systematically vary in one direction, the 
effect of water vapor or a leak might be suspected. 


On Fig. 7, the deviation curves are given for air at three conven- 
ient calibration temperatures. Data were prepared from values 
given in the P.T.R. Warmetabellen, 1919, adapted for this use by 
Dr. E. Buckingham of the Bureau of Standards. A typical computa- 
tion tabulation is shown in Table No. 3. The absolute pressure 
conversions have been eliminated for simplicity, and only a portion 
of the cycles is shown. 


Pacific Gas and Electric Deviation Apparatus 


The Bureau of Standards’ apparatus is an excellent instrument 
but is very fragile, being built of glass. Great care must be taken 
during the displacement of mercury in each cycle or the mercury 
will be lost or the burette broken. The three-way glass cock is a 
constant annoyance. 

An apparatus, based upon the same principle, but simpler in 
design and operation, has been recently developed by the writer‘ 
for the Pacific Gas and Electric Company. 

This apparatus is unbreakable, being almost entirely constructed 
of metal. No observations are made through water, the bath need 
not be drained between check tests, and no cleaning or servicing is 
necessary. No mercury is used in the metering burette. A differen- 
tial between partial evacuation and repressuring of the burette in- 
dicates the gas drawn from the high pressure bomb. This appar- 
atus may be constructed at a very low cost. Tests can be speedily 
made. 

The apparatus is shown in Figs. 8 and 9. It consists of one high 
and one low pressure steel cylinder, a mercury manometer, four 
needle valves, one three-way metallic cock, a water bath, and a 
mercury-oil trap. Accessories include a piston gauge and a vacuum 
pump which is preferably motor driven although an ordinary water 
filter pump may be used. 

The bomb is not removed from the apparatus for receiving a 
sample but is filled at the connection block, valve (1) and (6) 
being closed. After closing valve (5), valve (6) is opened and a 
pressure reading taken. With valves (2) and (3) open, the burette 
is evacuated, then valve (3). is closed and the manometer read. 
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TABLE NO. 3—CALIBRATION OF BUREAU OF STANDARDS 
DEVIATION. APPARATUS 


Pressures are in lbs. per square inch absolute 
Bath Temperature 72° F. 


- (1) (2) (3) (4) (5) (6) 

Vo 

Cycle P, Py Y P, Y P.Y drop a= 
] 395.02 14.711 1.0075 397.980 34.970 2.3771 
2 360.49 14.730 1.0070 363.010 35.035 2.3785 
3 325.86 14.833 1.0065 327.975 35.240 2.3758 

4 291.05 1.0058 292.735 

Av. = 2.3771 


Col. (1)—Bomb press., Col. (2)—Burette press., Col. (3)—Devia- 
tion factor of air at 72° F. for press. Ps, Col. (5)—Diff. between 
P.Y of cycle 1 and 2 and so forth, Col. (6) is equal to Col. (5) 
divided by Col. (2). 


Valve (1) is then cracked and the burette filled, after which (1) 
is closed and a manometer reading taken. This procedure is re- 
peated until the pressure in the bomb has been reduced to about one 
atmosphere. Valve (2) is used only for checking the tightness of 
valve (1). 

The system of calculation is very similar to that for the Bureau 
of Standards apparatus as is the calibration method. The reader 
is referred to an article by the writer in the American Gas Journal, 
for March, 1932, in which complete data concerning this apparatus 
are given. 


Effect of Foreign Vapors on Deviation 


All liquids exerting an appreciable vapor tension must be care- 
fully eliminated from either deviation apparatus. This includes 
water, alcohol, benzine, and all cleaning fluids. Their presence 
results in the test data being valueless. An example is given. 

Water may find its way into the burette system. If it lodges in 
the tubing where gas velocities are high, considerable vaporization 
will be promoted and the dry gas might easily become about 50 
per cent saturated. The burette gas is at atmospheric pressure ap- 
proximately and, were the test conducted at 100° F, a vapor tension 
of 0.95 lbs. per square inch would indicate that water vapor was 
present to the extent of 100 X 0.95 X 0.50/14.73 = 3.2 per cent. Con- 
sequently, at 100 Ibs. per square inch, where the per cent deviation 
of natural gas is only about two, the data would indicate in the 
neighborhood of five per cent. 
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Procedure for Drawing Apparatus Samples 


Considerable amounts of water are often found in gas lines and, 
when filling field sample bombs, the liquid is frequently entrained. 
In the laboratory, care must be taken that no liquid is transferred 
from the field bomb to the apparatus bomb. It is evident that the 
vapor from entrained water has practically no effect at pressures 
in the neighborhood of 400 lbs. per square inch. ‘The vapor pres- 
sure of water, at ordinary room temperature, is about 0.40 Ib. per 
square inch so that the amount of water vapor in a field sample at 
this pressure would be but 


0.40 
100 X ——=0.1 per cent by volume. 
400 


Consequently, if no liquid is transferred to the apparatus bomb, the 
presence of water in the field bomb is of slight significance. When 
transferring gas, the following procedure is desirable: 


Place a tuft of cotton in the outlet of the valve on the field bomb 
and connect the field and sample bomb with tubing, both valves 
being closed. Open the field bomb valve slowly but completely and 
then barely crack the valve on the apparatus bomb, allowing it to 
fill very slowly. This filling method maintains the minimum gas 
velocity in the valve of the field bomb, where a drop of water is 
likely to exist, and this together with the use of the cotton eliminates 
entrainment. Moreover, full sample pressure exists on the liquid 
so that its vapor fraction is at a minimum. Should the valves be 
manipulated in the reverse order, water in the valve spaces will 
enter the apparatus bomb instantly, and the resulting test data will 
be of little value. 


“Wet Gas” Testing 


“Wet gas,” a term used by the natural gasoline industry, is the 
name given to well gas containing natural gasoline, and does not 
refer to water content. The deviation of such a gas from Boyle’s 
Law is considerable but an accurate solution is difficult, due to the 
complications involved in drawing a representative sample from a 
gas line. The following procedure should confine the errors within 
narrow limits, however. 

It would seem that the best sampling location would be at a 
point where the conduit cross-section has the least area. Atomization 
of liquids is more complete at high velocities and less liquid will 
cling to the walls. The sampling pipe should extend to the center 
of the conduit section and be of a small diameter, in order to be 
able to approximate the same velocity in the filling line as in the 
conduit. The bomb, during filling, should be at the same tempera- 
ture as the gas in the conduit, not colder, so that condensation within 
the bomb can be avoided. The bomb should be purged from the 
lower valve, when held in a vertical position, so that liquid may be 
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Deviation of dry air, free of COs, from Boyle’s Law. 
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Fig. 8. Diagram of Pacific Gas and Electric Co.’s Deviation Apparatus. 


excluded and not be accummulated with successive fillings. When 
a sample is transferred from the field bomb to the apparatus bomb, 
both bombs had best be at a higher temperature than the conduit 
from which the sample was taken. With this procedure, the 
“wetness” of the final sample will be fairly representative of con- 
ditions in the conduit. The deviation test, of course, should never 
be made at a temperature lower than that in the conduit. 


Technique in Operation of A pparatuses 


The accuracy of deviation results is entirely dependent upon 
the care taken in making observations and upon manipulation. Bomb 
pressures should be determined to one hundredth of a pound, at 
least in the lower pressure range. Manometers should be read to 
an accuracy of one hundredth of an inch of mercury. Bath tempera- 
tures should not vary more than one quarter of a degree Fahrenheit. 

Care should be taken that the mercurial barometer used in the 
test is the same one as was used for the calibration and that its 
accuracy has been unimpaired. Implicit faith is generally placed in 
the mercurial barometer although it is not uncommon for an in- 
strument of this type to be in error as much as 0.05 of an inch. If a 
Bureau of Standards’ apparatus has been calibrated with a barom- 
eter differing by this amount from the barometer used in testing, an 
error of about 0.002 in the factor is introduced at high pressures. 
If an erroneous barometer is used for both calibration and testing, 
the error is substantially reduced. Barometric errors do not have 
as great an effect on the Pacific Gas and Electric apparatus. 

If the procedure prescribed for the apparatuses is observed, an 
accuracy of five hundredths of one per cent in the deviation factor 
may be realized. This accuracy is considerably greater than that 
which can be expected from specific gravity determinations, tem- 
perature measurements and orifice meter operations in general. 
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Transmission Pipe Lines* 


OUR Committee this year is presenting reports covering 
three phases of transmission pipe lines that are of vital inter- 
est to the natural gas industry, namely: 

(1) Expansion and Contraction in Pipe Lines, 

(2)The Design of Heating Equipment for Main Line Regulator 
Stations, and 

(3) The Internal Corrosion of Gas Transmission Lines. 

All of these subjects are well worthy of further investigations, 
and the reports as submitted might be con- 
sidered as progress reports. We feel certain 
that continued research along these lines will 
develop information of great importance to 
the industry. 

Of particular importance during the con- 
struction of new transmission lines is the 
“Expansion and Contraction in Pipe Lines,” 
especially in the construction of large diame- 
ter pipe lines during the warm seasons. Un- 
doubtedly in the past proper attention has not 
been paid to the temperature at the time of 
making tie-ins and backfilling. Proper con- 
sideration of these factors will eliminate fu- 
' Ee Bethe ture troubles to a great extent. 

a ena The other problems investigated, namely: 

“The Design of Heating Equipment for 

Main Line Regulator Stations” and “The 

Internal Corrosion of Gas Transmission Lines’, are purely operat- 
ing problems and their investigation should be continued. 

Your Committee in presenting this report, hopes that it will be 
the means of arousing interest in these phases of the natural gas 
industry to the extent that the investigations started by this Commit- 
tee will be continued and va!uable information developed. 


EXPANSION AND CONTRACTION IN 
PIPE LINES t 


HE failure of a weld on a 16-inch O.D. intake line at a 


) compressor station during a night last winter was the result 


of two conditions. The line which was installed at high 
summer temperatures two years previously was undoubtedly under 
tension. A sudden stopping of the compressors, which at the time 
were operating under high load conditions, caused a surge and high 
back pressure. This, together with the temperature siress in the 
line, caused this failure. 


In order to safeguard against the recurrence of a failure, concrete 
anchor blocks 6x 6x7 feet were installed, one at each end of this 
section of pipe as shown in Figs. 1 and 2. A firm bearing or 
connection between the pipe and anchor blocks was secured. by 
placing made-up jacks between the concrete anchors and the pipe 
as shown in Figs. 3 and 4, and an expansion joint was placed in 
the center of the section where the weld failed. 


After these repairs had been made the compressors were shut 
down for the summer, thus making it possible to conduct a: series 
of tests on this section of line. A detail of this section is shown in 


* Committee Report: B. M. Laulhere, Chairman, So. Calif. Gas Co - 
Burton, So. Calif, Gas Co.; H.S. Harris, L. A. G. & E. Corp : FA. Hough, So 
Counties Gas Co ; E. H. Mohr, L. A. G. & E. Corp.: O. A. Prilpott. P.G. & E. 
Co.; C. E. Pickup, So. Calif. Gas Co.: W. F. Pipkin, So. Fuel Co.: R. R. 
Ripley, Montana Power Co.; F. E. Wilson, P. G. & E. Co. ee . . 
_ t Submitted by C. E. Pickup, Southern California Gas Co., and Fred E. Wilson 
Pacific Gas and Electric Co. 
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Fig. 1 


WESTERN GAS 


Fig. 1, and it will be noted that the ends are firmly anchored as 
described above; therefore, all movement must be transmitted to the 
expansion joint. 

In order to measure any movement, a recording instrument as 
shown in Figs. 5 and 6 was made as follows: The floats were re- 
moved from an orifice meter gauge, and the pen arm was extended 
out of the top of the float chamber; with this gauge firmly fixed 
to the pipe the pen arm extension was attached to a fixed leg on the 
opposite side of the expansion joint by a connecting rod. Any 
movement at the expansion joint was therefore recorded on the 
gauge chart, such as accompanying Chart “C’, and the ratio of the 
recorded movement to the actual movement was 7 to 1, i.e., the 
movement recorded on the chart was seven times greater than the 
actual movement. 

To measure gas temperature, a recording thermometer “B’ was 
installed near the gauge as shown in Fig. 6. The excavation 
wherein this installation lay was then shaded and protected by 
roofing. 

The jacks at the anchors were made tight and gas was allowed 
to enter the line through valve “B”, valve “A” being closed. While 
the line was packing, no movement was shown in the anchors. 


The gauge or expansionometer recorded a movement of 0.281 
inches at a line pressure of 392 pounds. This movement was prac- 
tically all caused by the thrust against the anchor blocks, i.e., che 
movement was analagous to that of a cylinder under internal pres- 
sure with one end fixed, assuming a section through the expansion 
joint as a free end. 

While this set-up did not give an actual operating condition, yet 
it was open to the main line through valve “B” and the pressure 
therefore varied with the main line pressure. As this variation was 
not large, the pressure in the set-up was practically static. 

Measurements were continued for several weeks, and charts were 
obtained similar to Charts “B” and “C”, 


The actual movement of the pipe, or expansion and contraction, 
did not check with the calculated theoretical movement using the 
ranges in temperature as recorded on the thermometer charts. This 
showed that some condition existed which was resisting the move- 
ment due to temperature changes. A thermometer was installed 
within the backfilled portion of the line at “A”, Fig. 1, and the 
comparison with thermometer “B” is shown on Chart “A”. 


Thermometer “A” showed a difference of only 1-% degrees 
between the minimum and maximum, whereas thermometer “B” 
showed a differential of approximately 58 degrees. This proved 
that the roof over the exposed section did not give the desired pro- 
tection, and therefore the movement measured, was practically all 
due to the expansion and contraction of the exposed 11-foot section. 
Any movement that might be credited to change in pressure was 
hardly discernible. 

The section was then reduced to atmospheric pressure and cut at 
the point shown on Fig. 1. A split sleeve was installed over the 
cut to prevent leakage. The fittings at Valve “A”, and as shown 
by Fig. 3, were removed and a blind flange was installed over the 
open end of the 16-inch pipe, (thus removing the line from any 
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LOCATION OF EXPANSIONOWETER 


COMPRESSOR PLANT 


Fig. 2 


contact with anchor block “A”’.) A hydraulic cylinder and piston 
was then set between the concrete anchor block “A” and a 50-ton 
jack bearing on the end of the 16-inch pipe as shown by Fig. 8. 
This hydraulic cylinder was tapped with a 3,000-lb. test gauge. The 
internal diameter accurately measured 7.785 inches, which gave a 
mean effective area of 48.7071 square inches. The total force ex- 
erted on the piston was therefore the product of the gauge pressure 
by the mean effective area (48.7071 sq. in.). 


After removing the expansionometer from its position over the 
expansion joint and placing it over the split sleeve, gas was allowed 
to enter the section slowly. At 364 lbs. gas pressure, the indicat- 
ing gauge on the hydraulic cylinder registered 575 lbs. This was 
equivalent to a thrust of 14.003 tons which was the thrust of a sec- 
tion of 16-inch pipe, free at one end, 171.58 feet long, of which 
162.0 feet was under backfill. The actual force applied to the end 
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of the 16-inch pipe was the product of the internal cross-sectional 
area of the pipe (188.69 sq. in.), by the gas pressure (364 lbs. per 
sq. in.) or 34.341 tons. 


The expansionometer showed a movement of .037 ins. in the 
direction of the anchor block. 


Next, the gas pressure in the pipe was released and the direction 
of the force acting on the pipe was reversed. This was done by 
tightening up on the 50-ton jack, thus forcing the pipe back 
through the backfill in the direction of the center. When the 
gauge on the hydraulic cylinder registered 880 Ibs. a thrust of 
21.431 tons was being exerted, and movement on the expansionome- 
ter was noted. This movement was accepted as the point at which 
ground friction was overcome. The resistance of 162 feet of back- 
fill is therefore taken as 21.431 tons. 


The above test leads to the following deductions and conclusions: 


While at 364 lbs. gas pressure a force of 34.341 tons was being 
exerted against the free end of the pipe and only 14.003 tons thrust 
was recorded at the hydraulic cylinder. This leaves the difference 
between these two forces, or 20.338 tons, unaccounted for. When 
the direction of the applied force was reversed, a thrust of 21.431 
tons was required to show a perceptible movement throush the 
backfill. The force of 20.338 tons unaccounted for may then be 
charged to ground friction, while the difference between 21.431 and 
20.338 tons, or 1.093 tons might easily have been lost through lack 
of precision. 
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It may be stated that in loose sandy soil as in the Kettleman area, 
with a pipe 162 feet long buried with a depth of backfill of 3.0 feet 
above the top of the pipe, the stress or force required to overcome 
ground friction is 251 lbs. per lineal foot of 16-inch O.D. pipe. 

Although the tests were made in rather a crude manner, yet the 
result is within 5 per cent, and it is quite probable that with a 
suficiency of proper equipment and precision instruments, much 
closer results could be obtained. 

It should be borne in mind that the above factor of 251 Ibs. per 
lineal foot of 16-inch pipe is suitable only for the conditions above 
described. The factor will vary with the character of the soil, 
age and depth of backfill, and other local conditions. 


Problems caused by the expansion and contraction of pipe lines 
are varied and many, depending largely, of course, upon the type 
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and size of line and general conditions encountered during con- 
struction. The true coefficient of expansion or contraction for any 
particular section of pipe line can probably only be determined by 
empirical formulae. However, it is believed that from the accumu- 
lation of data derived from tests covering average conditions, gen- 
eral formulae can be obtained and used without serious error. 
Hence, these tests are being continued and a wider range of results 
are to be hoped for. 

Since experiments and data on the expansion and contraction of 
pipe lines are rather meager and this phase of pipe line design is 
receiving an increasing consideration, it is suggested as a precaution 
against duplication of work that future tests and experiments along 
this line be conducted in conjunction with a definite plan to be 
outlined by the Association. 

Attention is called to the article by G. S, Beitler in the June, 
1932, issue of Western Gas. For some experimental work along 
these lines the reader is referred to “A Physical Study of the 
Mokelumne Pipe Line” by Messrs. Jones and Wetks of the Univer- 
sity of Californfa, and “Temperature and Bending Strains in 
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Bronze Welded Cast Iron Pipe Lines” by Messrs. Herring, Outcalt 
and Greene appearing in a print published by the Linde Air 
Products Co. 


Compressibility of Expansion Joints 


Some tests were made on the compressibility of A. O. Smith ex- 
pansion joints. It was found that movement started with a pressure 
of 1.461 tons, and continued evenly to %& inch at a pressure of 
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20.941 tons. At a suspension bridge with an exposed span of 234 
feet, there is a 20-inch Smith expansion joint at each end. Trammel 
points have been set at these joints and observed for four months. 
They have checked a total of %-inch movement. Temperature 
variations were not noted due to lack of thermometers. 


A series of soil and buried pipe line temperatures are being made 
as shown by the graphs, Figs. 9, 10-A and 10-B. These graphs 
are typical but for a small portion of duration of the tests, it being 
impracticable to include complete graphs herewith. 


The first graph, Fig. 9, is a record of a battery of five recording 
thermometers set as noted on the chart and are located at Kettleman 
Compressor Station. One bulb 3 inches below the surface recorded 
the ground temperature near the surface. The two bulbs at the 
top and bottom of the pipe contacted the metal. The other two 
bulbs recorded atmospheric and gas temperatures. It will be 
noted at a glance that at this location the pipe temperatures are 
affected principally by the gas temperatures. 


At this location, the source of supply is approximately 2!'4 miles, 
in which distance the gas has been somewhat affected by the ground 
temperatures, the temperature drop being an average of from 4 
to 6 degrees. The ground temperatures vary about 2 degrees in a 
24-hour period. The temperatures vary between the top and bottom 
of the pipe, showing the top is affected by the atmospheric as well 
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as the gas temperature. The gas temperature follows the trend 
of that of the atmosphere except at higher temperatures. Ground 
temperatures away from the line have been found to vary but 
114 to 2 degrees through a 24-hour period. 

The next thermometer set-up is at Panoche Junction, 42 miles 
from the source of supply. Temperature measurements are shown 
in Figs. 10-A and 10-B with sketch of the battery set-up. One 
bulb is near the surface, and another 10 inches below, one at top 
of pipe contacting the metal, one at outside center and one at 
bottom of the pipe. 

This graph is almost the reverse of Fig. 9, showing that the 
ground and atmospheric temperatures govern, and the gas tem- 
perature follows their trend. A thermometer to measure the 
internal gas temperature would make a valuable addition to this 
set-up, but it was not installed due to lack of thermometers. 

On May 10, 1932 thermometer No. 4 was removed and installed 
at the same level as No. 5, eleven feet to one side of the pipe line. 
This seemed to prove that the gas practically corresponded to the 
ground temperature. By placing a thermometer at various points 
between this location and Kettleman, it was determined that the 
gas finally conformed to the ground temperature at approximately 
12% miles from its source. Naturally initial temperature and 
velocity of the gas would cause this distance to vary somewhat, 
but 1244 miles should represent a fair average for a medium load 
on this particular line. 

This test has been carried on for three months, and will be 
continued through the hot summer months. 


DESIGN OF HEATING EQUIPMENT FOR 
MAIN LINE REGULATOR STATIONS* 


ATURAL gas, occurring in quantity great enough for large 

industrial and commercial supply, is conducted from wells 

at pressures that, in some cases, go up into thousands of 
pounds. Most pressures range up into hundreds of pounds. At 
such pressures most of the water comes out with any other liquids 
in the drips on the gathering lines from the wells, allowing the 
natural gas passing into the transmission lines to contain but small 
amounts of water vapor. Entrained liquid containing water may 
also get into the transmission line, depending on the efhciency of 
the gathering drips and the velocity of the natural gas. The lower 
the temperature also, the less will be the water vapor contained in 
the flowing gas. 


Table No. 1 has been prepared to show the computed amount of 
water vapor remaining in a natural gas of the given analysis at 
various temperatures and pressures. 


If gas is cooled from any given temperature to a lower tem- 
perature, the pressure remaining constant, it is capable of holding 
less vapor; consequently the difference must be carried along as 
entrained vapor or deposited as water in pockets. For example, in 
Table No. 1 if gas at 400 Ibs. per square inch absolute pressure is 
cooled from 60°F. down to 40°F., .000015 Ibs. of water vapor will 
be dropped out. If this moisture, entrained in the gas, strikes the 
outside walls of pipes, which are at temperatures below 32°F., it 
gradually builds up on them, causing obstruction to the flow and 
in time an almost complete stoppage. Should gas itself be cooled 
by a rapid pressure reduction, such as through a regulator, ice will 
form from entrained moisture and cause sticking between the valve 
discs and seats. This brings improper regulation or even stoppage. 

This ice formation should not be attributed to the freezing of 
water vapor dropped out on account of temperature change, but 
rather to the freezing of entrained moisture as the pressure reduc- 
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tion with increase in volume more than compensates for the tem- 
perature change. For example: 1 cu. ft. of gas at 400 lbs. pressure 
and 40°F. temperature will hold .000015 lbs. of water vapor. If 
the pressure is reduced to 100 Ibs. pressure, with a drop in temper- 
ature to 32°F., the gas will have a capacity of holding .000044 Ibs. 
of water vapor. Thus, the tendency is to superheat rather than 
to condense the water vapor. An element of time perhaps enters in, 
allowing the entrained water to freeze before the droplets can be 
formed into water vapor. 

Entrained water vapor may be due to various causes. The use 
of alcohol to thaw out ice formations lowers the temperature of the 
constituents, (hydrocarbons, water, alcohol and other gases) tending 
to cause dropping out of liquids. The effect of alcohol is shown in 
natural gas containing butane and pentane by a drop in heat con- 
tent. Note the fall in the heat content per cubic foot after the intro- 
duction of alcohol, far enough back on the transmission line to 
affect the gas held in storage by line pack for a period of five days. 


January 25 1,049 
January 26 1,039 
January 27 1,033 
January 28 1,029 
January 29 1,029 
January 30 1,032 
January 31 No test 
February 1 1,045 
February 2 1,041 


Although the moisture content of the gas is very small, large 
enough quantities of ice to cause complete stoppage may collect. 
For example: the drop in temperature of gas saturated with water 
vapor from 40°F. to 32°F. (such as might be expected to take place 
in a line passing through rock formation in a cold climate) with 
gas at 300 Ibs. absolute pressure would cause the change from vapor 
stage to liquid stage of 6 lbs. of water per million cu. ft. One 
hundred million feet, passing through the line, would form 600 Ibs. 
of ice. This ice set free, in the liquid stage, by the use of alcohol, 
would form ample entrained moisture to seal up the largest regu- 
lator. 


Some conditions which may affect temperatures are evaporation 
and condensation. In the first, heat is taken up, and in the second, 
heat is given up. The evaporation of liquid hydrocarbons might 
cause freezing due to the latent heat taken up. Such a condition 
would take place on the release of liquid propane and butane 
through a restricted opening. Change of these substances from 
liquid to vapor and vapor to liquid, due to changes in temperature 
in sections of a pipe line, would cause alternate cooling and heating 
of the flowing fluids and its contacts. However, the constant pres- 
sure drop in a transmission line will tend to keep the vapors in the 
gas in a superheated condition unless a sufficient drop in tempera- 
ture takes place. Condensation from the above cause would be 
expected more with natural gas containing the larger amounts of 
liquefiable hydrocarbons and would be most apt to occur on the 
gathering lines from the wells. 


The above explanation is given to bring out the necessity of 
heating at regulator stations. Weather, temperature conditions, 
ground temperatures and ground formations are some of the factors 
to be considered. The necessity of heating to prevent ice stoppage 
is, no doubt, more universal at the fields in the colder climates 
than at city gate stations, due to greater velocity of flow, more 
entrained moisture and smaller lines. Where ground temperatures 
do not decrease the temperature of the flowing gas below 50°F., 
there should be little need of heating the gas stream to avoid 
regulator stoppages. 


There have been various formulae given and computations made 
to determine the refrigeration effect of pressure reduction. They 
give varying results. However, any design should be more nearly 


TABLE NO. 1. 


POUNDS SATURATED VAPOR PER CUBIC FOOT AT VARIOUS TEMPERATURES AND PRESSURES 


Correction for 


Deviation From Absolute 


% Boyle’s Law _— Pressure 32°F. 40°F. 60°F. 70°F. 
Cosmet diese osc 3.17 14.73 .000303 .000410 .000829 .001153 
OOD ©. .ccicincinckin pina 0.00 1.024 100 .000044 .000059 .00012 .00017 
DENS nokia een 79.21 1.049 200 .000021 .000029 .00006 .00008 
EPRI arr Dee eae cebers os?” SAR aee 6.30 1.075 300 .000013 .000019 .00004 .00005 
PUN ou ee 2.50 1.013 400 .000011 .000015 .00003 .00004 
INE sei 6s 1.06 1.132 500 .000008 .000011 .00002 .00003 
NN i eee 0.48 1.163 600 .000006 .000009 .000017 .00002 
TID wsiiiitittscinnsecednccancapoctiiodinaalial 0.17 
ERS 3 7.11 


August, 1932 


correct if figured by some approximate method with due safety 
factors, than if guessed at. 

Some methods for such computations are given in the following 
comprehensive contribution by H. M. Dwight of the Southern 
California Gas Co.: 


For all practical purposes, the expansion of gas through a reg- 
ulator or a valve in a pipe line may be considered as an adiabatic 
expansion; that is, one in which no heat energy is added to, or 
withdrawn from the expanding gas. Actually, some heat is 
absorbed by the gas from the walls of the pipe line and its 
surrounding medium, but for practical purposes this effect may be 
neglected. Assuming, then, that the pipe line is perfectly insulated, 
all heat that is transformed into work by the expanding gas must 
come from the sensible heat of the gas itself. In free expansion no 
external work is done, and if the gas were theoretical “perfect 
gas” the temperature after expansion would be the same as that 
before expansion, since the total heat energy of the gas would 
remain the same. This may be seen from the equation for the 
ideal gas: 

P, V: P, V2 


Ti T: 
Since, according to Boyle’s Law, P; Vi: = P: Va, then T: must equal 


2- 

Actual gases, however, do not follow, exactly, the laws of the 
ideal gas. These laws neglect the fact that the molecules of a gas 
occupy a finite space, as well as the fact that there is a definite 
attraction between the molecules themselves. Consequently, in free 
expansion of an actual gas, work is done in overcoming the inter- 
molecular attraction, with the result that heat is absorbed and the 
temperature of the gas is reduced. This drop in temperature is 
comparatively small and varies for different gases. It is known as 
the Joule-Thomson effect from the original experiments performed 
by Joule and- Thomson (Lord Kelvin) in which the effect is defi- 
nitely established. 

Some experimental data regarding the Joule-Thomson effect have 
been published, and formulae have been developed for determining 
its magnitude, but the results obtained by the use of these formulae 
seem to vary quite widely. Practically no information is available 
along this line for natural gas, although values have been estab- 
lished for methane, and these should closely approximate the values 
for natural gas. 


The relation 
t; —te 


P, — P; 


is known as the Joule-Thomson co-efficient, and is designated by 
the letter K. The temperatures t; and te are expressed in degrees 
centigrade absolute, and the pressures P: and P: in atmospheres. 
In other words, the co-efficient, K, is the drop in temperature in 
degrees C per atmosphere drop in pressure. The International 
Critical Tables give the value of K = 0.35 for methane at 27 
atmospheres (approximately 400 Ibs.) and 10°C. (50°F.) This 
would be equivalent to 0.63°F. drop in temperature per atmosphere 
drop in pressure. 

The following formula for calculating the Joule-Thomson effect 
is taken from “The Specific Heats of Gases” by Partington and 
Shilling. 

—9IRT, 
T= (1 — 18r’) 
128 pe Cc, 


in which 
T =the drop in temperature in degrees centigrade per atmos- 
phere drop in pressure. 
R =the gas constant, expressed in calories per degree centigrade. 
T. = the critical temperature (abs.) of the gas. 
D.= the critical pressure (abs.) of the gas expressed in atmos- 


pheres. 
C, = the molecular heat of the gas. 
Te 
r= , in which T = the initial temperature of the gas in 


degrees C absolute. 
Substituting the values for methane in this formula, we have: 
—9X1.987 190.5 190.5\ 2 
T= 1—18 
128 K45.8X8.49 278 


= 0.51° C./atmosphere. 
= 0.92°F./atmosphere. 


This value is considerably higher than that given in the Critical 
Tables. 

In a report prepared by Mr. Dorfman in June 1930, in regard 
to the freezing of the regulators at Monolith, he states that the 
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energy absorbed in B.t.u.’s during the free adiabatic expansion of 
a gas is equal to: 
(P2 V2— P: Vi) 2.72 


I have been unable to substantiate this expression in any of the 
references available, but the results obtained by its use approximate 
those given in the International Critical Tables. In this formula, 
P, and P; are expressed in atmospheres, and V: and V:; in cubic 
feet. From deviation data on Kettleman Hills gas at 50°F., we find 
that the deviation factor for 20 atmospheres is 1.068 and that for 
10 atmospheres is 1.032. Thus, 1 cu. ft. of gas, in expanding from 
20 atmospheres to 10 atmospheres would increase to 1.036 cu. ft. or 


(P; Vi) 
Vv;=—-——— + 1.036 
P, 


Substituting in the formula, assuming P: V:i=1 


1 
10X— 1.036 —1 }2.72 =(1.036—1) 2.72 = .098 B.t.u. 
10 * 


The drop in temperature is equal to the heat absorbed divided 
by the specific heat at constant volume, the latter being .019 B.t.u. 
per cubic foot for methane, according to Mark’s Mechanical Engin- 
eering Handbook. Hence, the drop in temperature is: 


.098 
— = 5.16°F. 
.019 


for 10 atmospheres, or 0.516°F. for one atmosphere drop in pressure. 
The following formula for determining the Joule-Thomson effect 
for air is given in Sloane’s “Liquid Air and the Liquefaction of 
Gases”. 
P, —P2 £289 2 
Drop in temperature = ——-—{ —- 


+ T, 


in which P; and Pz are the initial and final pressures expressed in 
atmospheres. 
T; is the initial temperature expressed in degrees centigrade abs. 
Assuming an initial temperature of 10°C. (283°C. abs.), the drop 
in temperature for one atmosphere drop in pressure would be: 


1 (289)* 1 
— —— =-— X 1.043 = .26°C. or .47°F. 
4 (283) 4 


The fact that this drop in temperature is less than that calculated 
for methane or natural gas is explained by the fact that the devia- 
tion from Boyle’s Law (in other words, the intermolecular attrac- 
tion) is less for air than for methane. 

While the results obtained by the use of the foregoing formulae 
are not in close agreement, it is evident, nevertheless, that the 
Joule-Thomson effect is comparatively small. Using the maximum 
value obtained above, a drop in pressure of 10 atmospheres (ap- 
proximately 150 Ibs.) would cause a drop in temperature of only 
9.2°F. In the case of the Southern Fuel Co.’s line at Glendale, I 
believe that it would be safe to assume that the upstream temper- 
ature would seldom be below 50°F. (that is approximately the 
minimum on the Southern California Gas Co.’s system), and a 
10-degree drop due to expansion should not be a serious factor. 

It is a familiar fact that freezing often occurs when gas is blown 
to the atmosphere from high pressures, which would appear to con- 
tradict the theory that the Joule-Thomson effect is small. This 
freezing, however, occurs in the immediate vicinity of the orifice 
or valve through which the gas is escaping, and the temperature 
at that point is not indicative of the actual temperature of the gas 
after expansion. This action is well described in the following 
quotation from “Elements of Heat-Power Engineering” by Hirsh- 
field and Barnard, which refers to the expansion from one vessel, at 
high pressure, into another vessel in which the pressure is iow. 

“The gas in the high-pressure vessel begins to expand as soon 
as the valve in the connecting pipe is opened, and it requires a 
high velocity with rapid drop of pressure as it flows into the empty 
vessel. The kinetic energy associated with this velocity must come 
from the intrinsic heat energy possessed by the gas. The expan- 
sion is in reality adiabatic, and the intrinsic heat energy, which, 
during expansion behind a piston, would have been converted 
into mechanical work, is here converted into the kinetic energy 
acquired by the gas itself. The temperature of the gas drops just 
as in the other adiabatic expansions already considered; thus, the 
material entering the empty vessel has the low temperature which 
corresponds to the low pressure and is deducible directly {rom the 
law of adiabatic expansion. 

“Considering next the receiving vessel—the gas with low pres- 
sure and temperature enters with high velocity but immediately 
becomes churned up, impinges on the walls, etc., and slowly comes 
to rest. The energy originally possessed by virtue of its velocity 
cannot be destroyed, but is re-converted into heat. It is absorbed 
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as sensible heat by the gas and raises its temperature. Given sufh- 
cient time, equilibrium will be established between the material in 
the two vessels, and then the gas, with the same stock of heat as 
before, will have returned to the temperature it had initially.” 

The last statement is not strictly true except for a perfect gas, 
but the same principle is involved for any gas. 

The chilling effect at the point of expansion will occur in a pipe 
line as well as in the case of free expansion, and if any moisture 
is present, considerable trouble may be encountered due to the 
freezing of regulators when the gas temperature is unusually low. 
If such trouble is encountered on the Southern Fuel Co.’s line, some 
method of heating the regulators, such as that in use at the Monolith 
Cement Plant, will have to be provided. The amount of freezing 
which may occur can not be predetermined, and only the experience 
gained by actual operation will indicate what precautions are 
necessary. 

As indicated earlier in this report, the Joule-Thomson effect for 
natural gas has been given very little attention, and while this 
phenomenon is familiar to those engaged in the gas industry, prac- 
tically no experimental data on the subject are available. Since 
this effect is assuming greater importance as higher pressures are 
resorted to in the transmission of natural gas, it seems that the 
problem might be a suitable one for further research by a committee 
of the Pacific Coast Gas Association. 


In addition to the methods given by Mr. Dwight, another method 
of computing this temperature drop is to apply a factor to the drop 
in temperature obtained by the use of the equation: 


n—1 


Te (~ n 
T, \P, 


or the drop in temperature equals: f (factor) (T:— Te) 

In this equation, n equals the ratio of specific heat at constant 
pressure, and constant volume of the particular gas in question: 
Case “A” 

At one location the condition of the gas at the upstream side of 
a regulator was: 

P, 194 lbs.—absolute pressure. 

T: 500° F.—absolute temperature. 

P, 52 lbs.—absolute pressure. 

n 1,304 

Solving T, = 368°F. absolute. 

Solving T:— Ts = (500 — 368) = 132°F. 

When passing 1,826 M.c.f. per hour, the actual drop in tempera- 
ture was 500°F. abs.—488°F. abs. or 12°F. 


12 


Case “B” 

At another location, the following results were obtained: 

P, 312 lbs. absolute 

T; 494° F.—absolute. 

P, 34 Ibs. absolute 

n 1.28 

Solving Ts = 364°F. absolute. 

Ti— T. = (494 — 364) = 130°F. 

When passing 400 M.c.f. per hour, the actual drop in tempera- 
ture was 494°F. abs.—479°F. abs. or 15°F. 


Average factor, f, in case “A” and “B” is 0.10. 
In Case “A” the temperature drop is 


12 


13.2 — 3.5 


or 1.24°F. per atmospheric drop in pressure. 
In Case “B”, the temperature drop is 


15 


21.2 — 2.3 
or 0.79°F. per atmospheric drop in pressure. 


The following gives a comparison of the various values from 
the above methods in Fahrenheit degrees drop per atmospheric 
pressure drop: 


meena: 000 Thy na cuasniomncs 0.63 
(Computed from International Critical Tables) 

Methane (Partington and Shilling) .......2...202 0000000. 0.92 

Kettleman Hills gas for drop in pressure from 20 to 10 
atmospheres, using formula: (P: Ve—P: V:) 2.72................ 0.52 

For air from Sloan’s “Liquid Air and the Liquefaction of 
GG IOD DID. LEON DE EPR PB AL SELENE OBOE, 0.47 


ee ee Ee ee 8 BSA a eee 1.24 
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Crane I ae Be eA Bie iciccehedsicaponnciictncscevinmsasnctnsecoancies 0.79 
Average of five values (air excluded )................--...............10----00 0.82 


It would appear that .82 degree drop in temperature per atmos- 
phere of 14.73 Ibs. per square inch would be a round figure for 
use in design. 

Then 100 lbs. drop would make a change of 6 F. 
200 lbs. drop would make a change of 11 F. 
300 Ibs. drop would make a change of 17°F. 
400 Ibs. drop would make a change of 22°F. 
500 lbs. drop would make a change of 28°F. 
600 Ibs. drop would make a change of 33°F. 
700 lbs. drop would make a change of 39 F. 


These figures would indicate that in climates where the flowing 
gas temperature does not go below 50°F., reductions of 300 to 325 
Ibs. per stage may be used, without adding heat, if ample distance 
is provided between stages for the gas to recover its upstream 
temperature. 

The design of a city gate station, in a climate cold enough to 
require the housing of equipment, should take into account three 
other items, besides the heating of the gas itself, to prevent regu- 
lator and orifice troubles. The four items to consider are: 

(a) Heating of the gas stream to a high enough temperature so 
that suficient odorant may be introduced into the gas. 

(b) Heating to prevent regulator and orifice troubles. 

(c) Keeping the station at a workable temperature. 

(d) Heating to prevent the surrounding air reaching its dew 
point and depositing moisture or frost on the runs of the pipe. 

In regard to the heating of the gas stream, two items should be 
considered; namely, to what temperature should the gas stream 
be heated to prevent any ice formation and second, to what tem- 
perature should it be heated to allow the dispersion of an odorant 
(it is assumed that the largest proportion of the natural gas fra- 
ternity is sold on this feature to warn in the escape of natural gas). 

In order to avoid the possibility of the smell of odorant in the 
city gate station and to keep it out of the natural gas stream, ahead 
of orifices, regulators and valves, it was decided on the Cut Bank 
line of the Montana Power Co. as well as the Dry Creek line to 
locate the odorization stations on the down stream side 20 to 30 
feet away from the city gate stations. The gas, at this location, at 
20 to 50 pounds pressure should contain its vapors in a superheated 
condition after being expanded from some 300 to 400 Ibs. down to 
such pressures and then be able to hold more of the hydrocarbon 
vapors of an odorant. It was found at one station where the gas 
reached a temperature of about 25°F. at 22 lbs. pressure that only 
1.22 gallons of the odorant would be taken up per million cubic 
feet of gas, whereas curves furnished by the odorant manufacturer 
showed that a gas should hold more than 5 gallons per million 
at this temperature and pressure. With these curves, it is not 
stated what kind of gas was used, but is assumed that a dry gas 
like methane is meant. In gases already containing the same con- 
stituents of which the odorant is composed, no doubt, less additional 
odorant will be held in the vapor phase than in a dry gas. 

The gas, as given in the analysis in this paper, shows 0.48 per 
cent pentane and 0.17 per cent hexane. The distillation curve on 
the odorant, indicates small percentages of pentane and hexane 
starting at 135°F., or below the boiling point of hexane. Without 
accurate information as to the amount of odorant that will be held 
by the particular gas in question at such a temperature and at 
the pressure to which the gas will be subjected, the following 
estimate has been made to arrive at a temperature to which the 
gas should be heated. From the manufacturer’s odorant curve, it 
is found that 5 gallons should be held by a gas (assumed to con- 
tain none of the constituents of the odorant) at 22 lbs. pressure and 
25°F. The gas only held 1.22 gallons. Factors such as time, inti- 
mate contact of gas and odorant, and partial pressures already 
existing for like constituents amounted to 3.78 gallons per million. 
If 3 gallons are required per million cubic feet, then the tempera- 
ture at which 6.78 gallons will be held is indicated from the 
projected curve to be 36°F. 

The following maximum hourly conditions will exist at a city 
gate station: 


Outlet Gas Outlet Outlet Secondary 
Stream Primary Regulator (Point 
Heater Regulator of Odorization) 


22 Ib. gauge 

34 lbs. absolute 
2.31 atmosphere 
36°F. required 


80 Ibs. gauge 

92 Ibs. absolute 

6.25 atmosphere 

39.2°F. computed 


400 Ibs. gauge 
412 lbs. absolute 
27.97 atmosphere 
57°F. required 


With the above conditions, heating of the gas stream will be 
required, as follows: 

A station will be figured with a maximim hourly flow of 
1,000,000 cu. ft. with a flowing gas temperature of 36°F. 57 — 36 
= 21°F. temperature, should be added to the mass of gas. Specific 
heat of gas is 0.027 B.t.u. per cubic foot. 
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Then 1,000,000 X 0.027 X 21 = 567,000 B.t.u., required per hour. 

Station is 16 ft. X 58 ft. X 10 ft. high. To heat the station to 
a comfortable working temperature, assume a 90°F. rise or from 
—30°F. to +60°F. 

Then heat required will be as follows: 


141 sq. ft. glass at 1.1 B.t.u. per degree difference in temperature 
= 14,000 B.t.u, 

1,239 sq. ft. of hollow tile wall surface at .29 B.t.u. per degree 
difference in temperature = 32,000 B.t.u. 

928 sq. ft. of concrete ceiling with tar and gravel roofing at .30 
B.t.u. per degree difference in temperature = 25,000 B.t.u. 

928 sq. ft. of concrete floor at .25 B.t.u. per degree difference in 
temperature = 21,000 B.t.u. 

9,300 cu. ft. of air per hour at .014 B.t.u. per degree difference 
in temperature = 12,000 B.t.u. 

Total of 104,000 B.t.u. 

The total heat requirement, where applied, will then be 567,000 
+ 104,000 = 671,000 B.t.u. Assuming 10 per cent radiation loss, 
738,000 B.t.u. output will be required from one heating plant. 

From the present design of a system heated with a liquid made 
up on one-third Prestone and two-thirds water, the following heat 
transfer has been obtained: 

Liquor consisting of one-third Prestone and two-thirds water is 
heated in two copper coil water heaters and circulated through the 
annular space between an internal pipe 16-inch O.D., and an outer 
pipe 30-inch O.D. This space is 12 feet 6 inches long. 

On February 12, 1932, a test was made on the Hotstream system, 
and the following information obtained: 

Gas rate set on each heater at 83 cu. ft. per hour or 166 cu. ft. 
per hour on the system. 

Gas pressure 7.5 inches water column. 

B.t.u. — 1,051 — 60°F. — 30 inches mercury. 

Estimated gas temperature — 30°F. 

Gas on H.P. system 36°F. It is expanded first through a high 
pressure regulator from 310 Ibs. gauge pressure to some 50 Ibs. 
gauge pressure and then through a house type regulator to 7.5 inches 
water column. 


No. 1 (or left heater, when facing heaters) 


Semek temperature. .5.2 2.25 460° F. 
Carbon dioxide —........... PASS Ae a MS 7.4% in products of combustion. 


Oxygen .........: eect Shia ae cectgedt .... 8.3% in products of combustion. 
Carbon monoxide.......... Se ABB hat 0.0% in products of combustion. 
Calculated combustion efhciency........ 77.6% in products of combustion. 
No. 2 Heater 

Stack temperature .......................... .....500°F. 

nN ee ASCO Oe Pe 10.0% in products of combustion. 
Oxygen ....... Seer? Fees pce eR od _ 4.0% in products of combustion. 
Carbon monoxide.................................. 0.0% in products of combustion. 
Calculated combustion efhciency........ 79.4% 


Temperature of Prestone mixture: 


Outlet manifoid...............................::394@'F. 
meter minmrert:.....6k se 144 F. 
Temperature Difference.................. 50° F. 


B.t.u. per cu. ft. of gas as used = 
1051 X 12.27 X 520 


= 931 B.t.u. 
14.7 X 490 
Total B.t.u. input per hour................ = 166 X 931 = 153,446 
Stack losses average = 21.5%................ oa 
Assume 10% radiation losses from heater...... 15,345 
Assume 3% loss from jacket and pipes.......... 7,672 
62g Ra etme 8h 8 Ae A cee 56,008 56,008 
ee RAREST alee. ep tinge Oe, oe mageRE 97,438 
Average temperature of liquid circulated = 
194 + 144 
= 169 F. 
2 
Specific heat of Prestone at 169° F. = 0.65 
65 +2 X 100 
Specific heat of solution = = .88 
3 
Liquid circulated per hour —a 50°F. difference in 
97.438 
temperature = 2,214 Ibs. 
88 X 50 
Specific gravity — Prestone at 169 F. = 1.07 
Specific gravity — Water at 169 F. = .998 
1.07 + 2 X .998 
Specific gravity of mixture = = 1.02 
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Weight per gallon of mixture at .69° F. = 8.5 lbs. 
2,214 
Circulation then is: ——— = 260 gals. per hr. = 4.3 gals. per min. 
8.5 
Heat Transfer through Metal to Gas: 
The heat transmitted is 97,438 B.t.u. 
Amount of gas passed is 325,000 cu. ft. per hour. 
- The pipe area through which this is transmitted is 
3.14 X 1.33 X 12.5 = 32.2 sq. ft. 
If t represents the temperature which the gas will be raised, 
the specific heat of the Cut Bank natural gas being .027 per cubic 
foot, then: 


97,438 
325.000 X .027 X t 

t? = 11.5°F. 

t= 3.4 F. 
Average Temperature of Gas: 
Temperature, entering pipe, under jacket... 36°F. 
Temperature, leaving pipe, under jacket_........... 39.4 F. 
Average temperature of gas................ SESE SAE Aero SON 37.7°F. 


Heat transfer through one square foot of meta! per degree tem- 
perature difference per hour: 


97,438 
= 14.2 B.t.u. 


52.2 X (169 — 37.7) 


This heat transfer of 14.2 B.t.u. per sq. ft. per degree temperature 
difference per hour is greater than obtained where heat is trans- 
ferred from the inside of a hot water or steam radiator to still air 
because of the higher velocity of the gas and its greater density. 
The factor 14.2 is some eight times greater in this particular instance 
and will vary with density and velocity. In a pipe line, density 
and velocity vary almost directly in an inverse ratio, after an in- 
crease or a decrease in pressure. The variations of heat transfer 
with density and velocity with varying kinds of natural gases, and 
the constituents of natural gases, would be a fit subject for research. 

Regardless of whether the most efficient location for the gas 
heater is on the upstream or downstream side of the reducing re- 
strictions, its location to accomplish the placing of the gas heater 
at one position to cover all requirements must be on the upstream 
side of the station. 

In this computation, 14.2 B.t.u. per sq. ft. of metal per degree 
difference of temperature per hour of the heating fluid and the 
natural gas will be assumed to be sufficiently accurate for design. 
A heater formed by an annular chamber surrounding a 16-inch 
O.D. diameter pipe, if heated with steam at 5 lbs. gauge pressure, 
should have the following computed length: 

Temperature inlet gas 36 F. 

Temperature oulet gas 57 F. 

Temperature average gas 47°F. 


5 Ibs. gauge pressure — 12 Ibs. atmos. 219°F. temperature. 
Average difference in temperature, steam and gas — 172 F. 
Heat transfer per sq. ft. of surface — 14.2 X 172 = 2,442 B.t.u. 
$67,000 
-——_——. = 232 sq. ft. of heating surface required. 
2,442 
232 
—— = 55.3 ft. of jacketed pipe. 
4.19 


Hot water heating would require, with an average liquid tem- 
perature in the jacket of 170 F. 


$67,000 


Ww 
DQ 
Wi 


14.2 K 123 


cq. ft. of heating surface or 77.6 ft. of jacketed pipe. 
If steam, at a pressure of 100 Ibs. gauge (112 lbs. abs.) is used, 
the jacket length required would be 


567,000 


14.2 X 289 X 4.19 


A heater made of fourteen 4-inch O.D. pipes, surrounded by a 
jacket holding the heating medium would give 14 per cent mor 
velocity and 350 per cent more heating surface per unit of length— 
taking no account of the increase in velocity. 

A 112 lb. absolute steam heater would be 9.5 ft. long. 

A 17 lb. absolute steam heater would be 15.8 ft. long. 

A 170° water heater 22.2 ft. long 

Freezing of steam and water in lines and boilers has led to the 
use of anti-freezing mixture, such as high boiling oils, ethvlene 
glycol and calcium chloride solution. 

For this particular design, a mixture of 50 per cent ethylene glycol 
and water will be assumed. This will protect from freezing at 
any temperature in a northern U. S. climate. The liquid at al! 
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points will also be well below the decomposition temperature of 
300°F., provided ample circulation is provided. Assume mean tem- 
perature of liquid 170°F. Assume 50°F. temperature difference 
between inlet and outlet. 


Then maximum temperature of liquid is 195°F. 
Then minimum temperature of liquid is 145°F. 
Specific gravity of mixture Is 
1.07 + .998 
= 1.034 


2 


where 1.07 and .998 are specific gravity respectively of ethylene 
glycol and water at 120°F. Specific heat of solution is 


0.65 + 1.00 
= 0.82, 


2 


where 0.65 and 1.00 are specific heats respectively of ethylene glycol 
and water at 170 F. Required circulation is 


623,700 
= 15,212 


82 X 50 
lbs. per hour or 


15,212 


= 1,770 
998 X 8.34 X 1.034 


gallons per hour or 29.5 gallons per minute. 


This system will require hot water boilers or tank heaters of 
891,000 B.t.u. input with 70 per cent efficiency; 6-inch inlet and 
outlet liquid headers will be required and boiler should set in 
building or pit below heater. When electricity is available, a 
Hydrolator pump and by-pass in the circulation would cut the line 
size to 3 inches diameter or less. 

The heating of the station itself will require an additional 104,000 
B.t.u. per hour. This may probably be best supplied by one or 
two hot air furnaces totaling this rated output. The cold air supply 
should not be brought from the station, due to possible explosion 
and fire hazard, but direct from the outside air. A duct may best 
supply a heating pit for this purpose. Stack for water heaters and 
furnaces should be carried above the highest point of surrounding 
buildings. 

Hot air ducts by discharging through floor underneath regu- 
lators will help to heat the metal bodies and add to the heat of the 
gas stream. 

The hot air by passing along the floor and up around piping will 
prevent it reaching its dew point and prevent condensation and 
frost on the cold lines and equipment. 

If a steam boiler is used for heating this sized station, it should 
be large enough to supply heat to radiators as well as gas heaters. 
Its output would be about 811,000 B.t.u. where 10 per cent has been 
added for useless radiation. 


$11,000 
= 24.2 H.P. 


33,479 
Use a 25 H.P. Boiler. 


Steam radiators set underneath regulators joined by pipes paral- 
leling and running underneath runs of pipe will furnish warm air 
currents at high enough velocities to stop the air reaching its dew 
point as it passes by the cold pipe line, thus preventing condensa- 
tion or frost. 

To show the comparative requirements of heating, take a smaller 
station with the same conditions of gas pressure regulation. As- 
sume a building to require one-third the amount of heat or 35,000 
B.t.u. per hour. Assume an 8-inch O.D. pipe line with 200,000 cu. ft. 
per hour of natural gas maximum passing through it. 


Heat requirement for gas will be 200,000 X 0.027 X 21 = 113,400 
B.t.u. per hour. 170°F, liquid heating will require 


113,400 
= 65 


14.2 X 123 
sq. ft. of heating surface or 31 ft. of jacketed pipe. 


A heater made up of four 4-inch O.D. pipes surrounded by jacket 
containing the heating medium would be 15% ft. long. 

One large water heater with 113,000 B.t.u. output, using an 
ethylene glycol water mixture and a small house heating furnace 
with 35,000 B.t.u. output will take care of the complete heating re- 
quirements of the station. Two large water heaters with hot water 
radiators of 250 sq. ft. heating surface will take care of the entire 
requirement. Thermostatic controls, limit controls, expansion tanks 
and safety blow off on the system will make it entirely automatic. 

Where the line should be drawn between steam heating and liquid 
heating will depend entirely on the economics of the situation. 
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Liquid heating with the use of an anti-freezing solution solves the 
problem from a safety standpoint of freezing and fire hazard. The 
use of pipe heaters with high pressure gas burners in the end with 
the possibility of heating the pipe carrying the flame and products 
of combustion to a temperature above the flash point of a gas air 
mixture in the station may readily be eliminated. 


REGULATOR STATION HEATING IN 
CALIFORNIA* 


EGULATORS have frozen up or stuck when the pressure 
R reduction was over 150 pounds and average summer tem- 

perature prevailed and also when the atmospheric tem- 
perature was below freezing and the pressure reduction was as low 
as 50 pounds. 

To overcome this freeze-up some method of heating or insulating 
the regulator is necessary. The Pacific Gas and Electric Company 
has used two types of installations. 

The method used to heat a regulator is to take gas from the main 
line and reduce through a high pressure regulator to approximately 
15 pounds and then reduce to about 8 inches of pressure through a 
low pressure regulator A safety relief valve is installed between 
the regulators. 

A gas burner is installed in a vented chamber made of 8-inch pipe 
and the heat is then carried through a 6-inch pipe to a sheet iron 
housing, which completely surrounds the regulator. The heat 
then passes through an 8-inch pipe inside the housing and then 
to the outside by means of a 3-inch pipe. A temperature of 90 to 
100 degrees Fahrenheit is maintained in the housing by means 
of a thermostat and an indicating angle thermometer is installed 
for indicating the temperature inside. Details of one installation 
of this type of heater are shown in Figs. 11-A, 11-B, 12, 13 and 14. 

The coldest temperature experienced last winter was about 20 
degrees Fahrenheit and this type of heater operated very satisfac- 
torily. However, where very low air temperatures are encountered, 
it would be advisable to line the housing with a fireproof insulat- 
ing material to reduce radiation from the housing. 

Another method used to prevent a regulator from freezing was 
to insulate the body with magnesia, but this method was not satis- 
factory when the air temperature dropped four to five degrees be- 
low freezing. However, the proper application of rock cork or hair 
felt around the regulator no doubt would be suitable in places 
where the temperature was only a few degrees below freezing. 

Heating the gas before it reaches the regulator is another design 
that is used. W. R. Beardsley, in Western Gas, January, 1931, de- 
scribes a method used by the Colorado Interstate Gas Co. to pre- 
vent freeze-ups. A large pipe is installed around the main line 
just ahead of the regulator, and a long narrow gas burner inside 
of the large pipe heats the gas before reaching the regulator. This 
type of heater is used where the volume of gas does not exceed 
150 M cubic feet per hour. Steam can also be used if the regu- 
lator is near a steam boiler. 
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Fig. 11-4. Regulator heater installation, plan top removed. 
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THE MOST PROFITABLE FIELD AVAIL- 
ABLE TO THE HEATING INDUSTRY! 


There is a share for you: Are you getting it? 


co 


_— 
ies 
» 


No. 330-B Barber Automatic Burner 


“CONVERSION GAS BURNER installations are actually profitable—have shown an 
enormous increase during the past two years.”’ This statement is not a guess, but is borne out 
by dollars and cents expenditures. The Public is spending money. First, for the necessities of life and 
second, for those commodities that have attractive appeals. BARBER AUTOMATIC JET GAS 


BURNERS answer with Comfort, Convenience, Cleanliness and Safe and Economical Heat. 


BARBER BURNERS are quickly and easily installed in any furnace or boiler. You receive them Tailor- 
Made to fit the individual job, backed up by Factory Responsibility, the result of years of experi- 
ence and research. Hundreds of installation jobs are open to every wide-awake Heating Contractor, 
and there is a Barber Burner for every one of these jobs. 


NOW IS THE TIME TO CASH IN ON THIS 
OPPORTUNITY 


Every home-owner in your community is a prospect. Many need 
to be educated to the fact that the installation of a Barber 
Automatic Jet Gas Burner does not mean the junking of his 
coal fired furnace or boiler—that with the installation of a 
Barber Burner he has a highly efficient gas fired heating plant— 
and that the cost is NOMINAL. 


Get your first installation in NOW. Don't wait until the heat- 
ing season is under way. Use it to demonstrate and watch the 
prospects it will attract to your show room. 


Write us for literature to be distributed to your prospects, 
catalogs and sales helps. 


THE BARBER GAS BURNER CO. 


3702-04 SUPERIOR AVENUE - - CLEVELAND, OHIO installed in a round boiler. Note its 


simplicity of installation. 
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Fig 11-B. Regulator heater installation, end elevation. 
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Fig. 12. Typical regulator installation. 


In general, there are at least five methods that may be used: 

1. Insulating the regulator. 

2. Enclosing the regulator in a housing and heating same. 

3. Heating the gas before it reaches the regulator. 

4. Heating the gas before it reaches the regulator and then 
passing the burned gas through a housing around the regulator. 

5. The use of a steam jacket around the regulator. 

The selection of the type to be used depends largely upon the 
moisture content of the gas and the pressure reduction through the 
regulator. 
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BILL OF MATERIAL 


No. 
Item Regd. Description 
1 4Pcs. 96 in. x 36 in. No. 22 Ga. Galv. Sheet iron. 
2 80ft. 14in.x 1 in. x % in. Angle iron. 
3 15ft. lin. x % in. Strap iron, 
4 6ft. 8 in. Gas Line Pipe. 
5 6ft. 6in. Gas Line Pipe 
6 10ft. 3 in. Gas Line Pipe. 
7 10ft. “in. Std. Black Pipe. 
8 10ft. % in. Std. Black Pipe. 
9 I 4 in. Pipe Coupling. 
10 2 14% in. Nipple 4 in. long. | 
11 + 14 in. Elbows. 
12 1 ' in. Gas Burner, make in field from 1 in. pipe. 
13 200 4, in. long x 3/16 in. round head stove bolts. 
14 2 4 in. Screwed union. 
15 2 ¥% in. Screwed union. 
16 2 34 in. to % in. Bushings. | 
17 1 3% in. H.P. Compound Reliance House Regulator 
Inlet 200 Ibs. Outlet 15 Ibs. | 
18 ] ¥% in. Type H. L. P. Horz. Reliance House 
Regulator Inlet 15 Ibs. Outlet 8 Ibs. 
19 ] Y% in. Coupling. 
20 1 14 in. Solid Plug Steel. 
21 1 %4 in. No. 1038 P&C Stainless Steel Needle Valve. 
22 2 1'4 in. Std. pipe Elbow. 
23 1 Minneapolis-Honeywell 801-T-180 
Grad-o-stat. *4 in. -60°-180° F.-12 in. Tube 
24 } C. J. Tagliabue Mfg. Co. Flanged Angle 
Thermometer No. 8710 Range 50° to 300 F. 
25 ] 34 in. Pipe Tee. 
26 1 ¥% in. Reliance Diatog Safety Relief Valve with 
No. 12 Spring. | 
27 ] 3 in. Pipe Coupling. | 
28 4 3% in. Elbows. 
Fig. 14. Bill of material, regulator heater installation 
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Fig. 13. Regulater heater installation, side 


elevation. 
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outstanding points 
of superiority! 


], Minimized corrosion—particularly pitting. Mill- 
scale is one of the principal causes of pitting. It is elec- 
tronegative to the pipe metal and sets up galvanic action 
causing pitting around the scale areas; therefore, when 
scale is removed, longer life is obtained from the pipe. 


Clean, smooth surfaces, inside and outside—form- 
ing a better base for platings, galvanizing, or other pro- 
tective coatings. 

Full delivery capacity—less friction loss, because 
there are no obstructions to the flow. 


4. No damage to valve seats; no clogging of small 


* orifices—because there is no scale in the pipe to break 
off. 


Greater strength at the weld. The additional rolling 
* this pipe receives in the Scale Free Process increases the 
strength at the weld approximately 20 - cent, making 
the pipe particularly desirable for bending and coiling. 


tae Scale Free Process is a patented feature applied exclusively 
to NATIONAL Pipe (butt-weld sizes 14 to 3-inch). The 
advantages resulting from this special treatment, make 
NATIONAL Scale Free Pipe the outstanding value in pipe for 

as service. To specify NATIONAL is assurance of longer life, 
Gear service and greater economy. Be thrifty—be safe—in- 
sist upon NATIONAL— 


America’s Standard Wrought Pipe 


(Sizes % inch to 96 inches) 


NATIONAL TUBE COMPANY ~- Pittsburgh, Pa. 
Subsidiary of United US States Steel Corporation 
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GAS COMPANIES 


Cd!) 


SAVE MONEY 


b y stan dardizing-on 


THIS PIPE 


All National Galvanized Pipe is given a special 
chromate treatment to resist discoloration and the 
formation of white rust. This patented process pre- 
serves that smooth glistening surface or metallic 
luster characteristic of good galvanizing practice. 


NATIONAL SCALE FREE PIPE 
SPELLERIZED 


TY Rt a NID NN oe etapa 
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THE INTERNAL CORROSION OF GAS 
TRANSMISSION LINES* 


LTHOUGH for many years analyses from numerous gas 

fields and transmission lines have shown from one-tenth of 

one per cent to one per cent oxygen, little concern has been 
felt from a corrosion standpoint. The general feeling has been 
that such small amounts were negligible. A little thought on the 
matter will show that such a stand is not justified. 


As gas analyses are conducted at atmospheric pressure the results 
of any oxygen analysis give the percentage at approximately stand- 
ard conditions. However, the gas in the transmission line may pos- 
sibly be at from 300 to 400 pounds pressure and under these con- 
ditions the oxygen will possess a partial pressure (effective corro- 
sion concentration) of from 20 to 30 times what it does under atmos- 
pheric conditions. This condition, in the presence of moisture, will 
cause severe internal corrosion with ultimate failure of the line in 
question. 

Due to reports of severe internal corrosion in certain of this com- 
pany’s transmission lines, an investigation has been conducted to 
discover its cause and to institute its mitigation. 

It was found that several lines were seriously pitted and that 
accurate metering was impossible due to clogging of plates with 
large volumes of rust. In addition, new plates were badly pitted 
on their surfaces and edges within a week after installation. This 
corrosion is illustrated in Fig. 15. Note the large volume of rust 
scraped from the 4x8-inch section. Examination of the scale and 
rust collected showed it to be over 90 per cent iron oxide. 


There are but three possible sources for this oxygen. They are: 


1. Leaks in a vacuum collecting system. 
2. Leaks in the compressor plants. 
3. Oxygen a constituent of well gas. 


So far, the results have shown that the greatest source is (1). No 
cases of (2) have been encountered. 

The possibility of oxygen being present in well gas has long been 
a source of argument. A pamphlet published by the Bureau of 
Mines prior to 1917 stated that there is no oxygen present in natural 
gas as it comes from the well. However, a recent communication 
from Scott Turner, Director, U. S$. Bureau of Mines, imparts the 
following information: 

“The fact that oxygen may be a constant constituent of natural 
gas as it leaves a well, has not been determined absolutely. The 
experience of the Helium Division of this Bureau in analyzing sam- 
ples of natural gas indicates that some natural gases contain oxy- 
gen; usually less than one per cent by volume. The gas from the 
Woodside Reserve in Utah is an exception in that it contains ap- 
proximately 5 per cent of oxygen. A few instances have been noted 
in which natural gas actually contains air as it comes from the 
well. The air that has been detected in some gas seeps near the sea 


* Submitted by A. B. Allyne, Southern Counties Gas Co. 


Fig. 15. Illustrating a typical example of internal corrosion. 
This 4-in. x 8-in. section is from a 16-in. transmission line 
operating at about 300 pounds pressure. 
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coast in California, is believed to have been forced into the forma- 
tion by wave action.” 

At least one of the fields examined in this investigation has given 
good cause for the belief that oxygen is present in the form of air. 
This field adjoins the California sea coast. 


Procedure 


In determining the magnitude and source of the corrosion, gas 
analyses were taken at points in the transmission lines that had 
undergone the worst corrosion to find the quantities of oxygen pres- 
ent. After finding these values it was planned to work back to 
the sources of gas supply, ultimately isolating the reason for the 
oxygen’s presence. 

As the ordinary Orsat apparatus, using sodium phrogalate solu- 
tion cannot be depended upon for accuracies greater than 0.2 per 
cent, samples were collected in special tanks made of copper pipe. 
They were then analyzed in the laboratory, using a Burrell gas 
analysis apparatus with temperature and pressure compensator, and 
a solution of chromous chloride as an absorbent. The reasons that 
made this procedure necessary were as follows: 

1. Temperature and pressure changes will alter field Orsat read- 
ings as much as 0.5 per cent. 

2. Portable Orsats use water or an acidified salt solution as a 
retaining liquid. These will absorb certain gas constituents in vary- 
ing degrees. The laboratory apparatus uses mercury. 

3. Copper gas sample tubes were necessary to prevent the action 
of any oxygen present on the usual steel sample tube. 

4. Chromous chloride was used as an absorbent as it will not 
absorb a measurable quantity of hydrocarbons that would be 
recorded as oxygen. 


Results 


As an example of the results being obtained, the work done in 
the Huntington Beach field will be briefly discussed. Station A, a 
metering point in a main transmission line is located approximately 
three miles from the field compressor plant. The internal corrosion 
was first noticed at this point. This line is fed by two compressor 
plants, B and C, and well gas from a well, D. 

Analyses were made at all four of these locations with the follow- 
ing results: 


Approx. Daily Pressure Oxygen 
Station Sendout, M.c.f. in Line Per Cent 
A 4000 250 0.7 
B 3000 300 1. 
X 500 200 0.5 
D 1500 500 0.0 


Obviously the majority of the oxygen was entering the system 
from the compressor plant B. Subsequent investigation revealed 
many leaks in the vacuum gathering system from plant B, also 
several from plant C. After repairing these leaks an analysis at 
plant B showed the oxygen had dropped to 0.4 per cent, with some 
work yet to be done. It is hoped this can be brought down at 
least to 0.2 per cent. 

Orifice meter men state that pitting of plates has practically 
ceased at Station A and they are again able to use the meter at that 
point. 

An interesting point was brought out during the investigation. 
While corrosion was very severe at Station A, records revealed that 
there was none experienced at any of the various meters adjoining 
the compressor plants. This was later found to be due to two fac- 
tors. Near the plants enough oil had carried over into the lines 
to cover both plates and lines with a thin protective film. Also near 
the plants there was very little moisture condensation, while at 
Station A large quantities were drawn from the lines. 

A study similar to the foregoing is now being carried out in the 
Ventura and Elwood fields. So far, three sources of oxygen have 
been revealed that affect the gas entering the Ventura-Los Angeles 
transmission lines, 

While this paper has dealt only with internal corrosion due to 
oxygen it must be remembered that hydrogen sulphide also is a 
potent aggravant of internal corrosion. Its presence and harmful 
effects, however, have been fully realized for some time. 


Conclusions 

1. Oxygen, present only in fractions of a per cent in a gas mix- 
ture may cause severe internal corrosion when compressed and sent 
into a transmission system. 

2. This corrosive agent enters the lines chiefly due to leaks in 
vacuum-collected gathering systems. 

3. Due to inaccuracies in ordinary gas analysis equipment, small 
quantities of oxygen are either disregarded or pass undetected. 

4. To properly prevent serious internal corrosion due to rusting, 
it is necessary to reduce the oxygen content to 0.2 per cent or less. 
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MINNEAPOLIS- 
HONEYWELL 
Q-20 REGULATOR SET 


For your on PROTECTION 
TANDARDIZ 


On 


MINNEAPOLIS-HONEY WELL 


HINK of yourself-as well as your customers when you install automatic controls 
with your gas burning equipment. Think of the satisfaction in knowing that each 
installation is properly controlled to meet its every individual requirement when you 
have standardized on Minneapolis-Honeywell Control Systems. Think of the advan- 
tages of installing only one kind of controls—of having your men able to service 


CL a eee ets Pe every call instead of merely the equipment with which they are familiar. And think 


fective on the popular Q-20 of carrying but one stock of parts and supplies instead of many. 

Regulator Set, which so aptly ’ e , on . , , = 

Pie go, ie aa taf That . wan ” means to mentite on Minneapolis-Honeywell.” Of course 
simple, low cost controls for the you are primarily interested in providing the utmost in customer satisfaction. Forty- 
smaller domestic installations. seven years of engineered automatic heat control experience is complete assurance 
The Q-20 is but one of the many ; 

Minneapolis-Honeywell products of that. So think of yourself as well as your customers. Minneapolis-Honeywell 
which enable you to provide cus- Regulator Company, Executive Offices: 401 East Twenty-eighth Street, Minneapolis, 


tomer satisfaction and step up 


your profit as well. Minnesota. Factories: Minneapolis and Elkhart and Wabash, Indiana. 


CALIFORNIA BRANCH: 527 MARKET STREET, SAN FRANCISCO. CALIFORNIA 


DISTRIBUTORS aeahinsans 


PorRTLAND DENVER Los ANGELES Sat Lake City 
Arthur F. Erickson Co. Daly Company English & Lauer Hawley-Richardson Williams Co. 
315 Selling Bldg. 1635 Blake St. 1224 South Pedro St. 204 Dooly Bldg. 


MINNEAPOLIS-HONEYWELL 
Control Sys tems 
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ABOVE: San Diego Con- 
solidated’s truck, designed 
to carry 9,000 cubic feet of 
natural gas at 250 pounds 
pressure. The gasis takeu 
from mains of the South- 
ern Counties Gas Co. and 
is used in the adjustment 
of appliances, preliminary 
to the change-over to nat- 
ural at San Diego. 


AT RIGHT: Students and 

“teacher” in San Diego 

Cons olidated Gas and 

Electric Co.’s change-over 
school, 


Change-Over Innovations at San Diego 


ATURAL gas is due in San Diego, 

Calif., in September, and employees of 
the San Diego Consolidated Gas and Elec- 
tric Co. to the number of 400 are learning 
the intricacies of change-over operations at 
a school established by the company at its 
Tenth Avenue plant. Practically every type 
of gas burning equipment used by house- 
wives and commercial consumers in_ the 
company’s territory is being studied. D. H. 
Perkins, superintendent of gas distribution, is 
in charge of the school, and is being assisted 
by other executives of the company and by 
W. O. Johnson, Milton Jacobs and Robert 
Young, supervisors for Pacific Gas and 
Electric Co., headquartered in San Francisco, 
Calif., who have been loaned by that com- 
pany for the duration of the change over. 
These three men participated in the San 
Francisco-Oakland change-over, and their 
party will be augmented by several others 
as the change-over progresses. 

An interesting innovation in bringing “nat- 
ural” to San Diego is a tank truck equipped 
to carry 9,000 cubic feet of the new fuel un- 
der 250 pounds pressure. The gas is taken 
from Southern Counties mains at Huntington 
Beach and is used in the adjustment of ap- 
pliances in the school, as well as for experi- 
mental work on commercial consumers’ prem- 
ises. According to Mr. Perkins, the truck is 
often driven direct to a bakery or other com- 
mercial customer, a connection made, and 
the appliances tested for burning the new 
fuel, 

The company also secures daily from 
Southern Counties Gas Co. cylinders in 
which gas is compressed to 1800 pounds. 
This is also used in the change-over school 


and for experimental purposes on consum- 
ers’ premises. It is estimated that there are 
60,000 customers within the area served by 
the company, and approximately 250,000 
burners to be adjusted. 

By way of advertising “natural” to its 
consumers, and explaining the necessary 
steps of the change-over, the company is 
publishing a monthly consumer news sheet, 
called Natural Gas News, following closely 
the style of the San Diego daily papers. 


Communities Gas Service Corp. 
to Operate General Utilities Co. 


C. O. Moore, president of Communities 
Gas Service Corp., Kansas City, Mo., con- 
firms the report that he purchased the prop- 
erties of the General Utilities Co. from the 
referee in the bankruptcy on July 11. Prop- 
erties purchased will be transferred to _be- 
come a part of the Communities Gas Service 
Corp. 

The properties in the transaction include the 
following: Suburban Gas and Service Co., 
operating in Avondale, Mo., Plattsburg Gas 
and Service Co., Plattsburg, Mo.; Smithville 
Gas and Service Co., Smithville, Mo., and 
Liberty Gas and Service Co., Liberty, Mo. 
Kansas properties are the following: Bonner 
Springs Gas Corp., Bonner Springs, and 
Wilder; Consumers Gas and Service Co., 
serving in Delevan, White City, and Wilsey; 
Kaw Valley Gas and Service Co., serving De 
Sota, Dexter, Eudora, and Lake-of-the-For- 
est; Public Gas and Service Co., serving 
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Lincolnville, Lost Springs, Pilsen, Tampa and 
Ramona; Council Grove Gas and Service Co., 
Council Grove; Florence Gas and Service 
Co., Florence; Herington Gas and Service 
Co., Herington; Hillsboro Gas and Service 
Co., Hillsboro; Marion Gas and Service Co., 
Marion; Moline Gas and Service Co., 
Moline, Peabody Gas and Service Co., Pea- 
body. 


Winchester Oil & Gas Co. Bought 
By Standard Gas Co. of America 


Report of the purchase of the Winchester 
Oil & Gas Co, and the Carlton Pipe Line Co. 
by the Standard Gas Co. of America, a 
newly formed company of Tulsa, Okxla., has 
been confirmed by G. E. Matt, treasurer of 
the Winchester Oil & Gas Co. Public Utility 
Investment Co. of Salina, Kan., was formerly 
holding company for the two utilities. 

Standard Gas Co. of America plans to keep 
the corporate structure of the two companies 
intact, and both will headquarter with the 
new parent company at Tulsa. 

Officers of the Winchester Oil & Gas Co. 
and the Carlton Pipe Line Co. are the fol- 
lowing: H. L. Miller, president and general 
manager, E. K. Sheller, vice-president, G. 
E. Matt, secretary and treasurer, and John 
Bartels, general superintendent. The field 
office of the companies is located at Alva, 
Okla., under the direct supervision of H. L. 
Miller, assisted by Mr. Bartels as superin- 
tendent. There will be no personnel changes 
in the towns served, which include Hardtner, 
Kan., Alva, Cherokee, Avard, Waynoka, 
Mooreland, Quinlan and Woodward, Okla. 

Franchises have been granted in several 
additional towns and the company plans to 
extend gas service as soon as possible to these 
communities. 


Taylorville Line Construction 


Ready to Get Under Way 


The L. L. Vincent Co., Kansas City, Mo., 
has been awarded contract to construct 10 
miles of 6-inch line between the Panhandle- 
Illinois main line and Taylorville, Ill. The 
line will be operated by the Panhandle-Illi- 
nois Pipe Line Co., Kansas City, and will 
take natural gas to Taylorville, Pana, Owa- 
neco, Tower Hill, Shelbyville, and other 
towns in that vicinity, where Central Illinois 
Public Service Co., of Springfield, serves 
manufactured gas. 


1932 Calendar 


August 


Pacific Coast Gas Association — 
Thirty-ninth Annual Convention, Del 
Monte, Calif., August 24-26, 1932. 


Southern California Meter Associa- 
tion—August 25, 1932. 


October 


American Gas Association—Annual 
Convention, Atlantic City, N. J., Octo- 
ber 10-14, 1932. 


National Bottled Gas Assoctation— 
The next meeting to be held at Atlan- 
tic City, N. J., in October, during 
A. G. A. sessions. 
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Why the WELSBACH STAZHOT Is QUEEN! 


Quotation from sales plan book 


of a progressive Utility Co. 


"The Stazhot Heater might almost be called a carbon copy of the Hot- 
zone so closely does it resemble it in all the important points. It is rated 
at practically the same efficiency, has the same controls and carries 
the same guarantee as the Hotzone. While it closely parallels the Hot- 
zone, there are certain elements in its construction that enable the manu- 
facturer to produce it at slightly lower cost. 


"The Stazhot has been improved in appearance and construction. It will 
probably predominate during the activity and has been designated as 
"QUEEN" of the campaign." 


SELF ACTION STORAGE 
GAS WATER HEATERS 


Equipped with 
Welsbach Multiduty Control 
Welsbach Automatic Burner 
Welsbach Pressure Relief Valve 


Insure 


ECONOMY of Operation 
Freedom From SERVICE 
Complete SAFETY Equipped 


MAY WE EXPLAIN? 


Welsback, 


COMPANY 
. Gloucester City, N. J. 


226 So. Wabash Ave. 
Chicago 


50 Hawthorne Street 


San Francisco 
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Officers Nominated for 1933 A.G.A. Year 


L. K. Langdon 
Chairman 
Natural Gas Deft. 


Arthur Hewitt 
Nominee for A.G.A. 


Presidency 


HE general nominating committee of the 

American Gas Association has brought 
in its report which will be presented at the 
Annual Convention of the Association to be 
held in Atlantic City in October. The follow- 
ing are nominated for posts as officers and di- 
rectors of the Association for the year 1932- 
1933: 


For President—Arthur Hewitt, vice-presi- 
dent and general manager, Consumers Gas 
Co., Toronto, Ontario. 


For Vice-President—N. C. McGowen, presi- 
dent, United Gas Public Service Co., Hous- 
ton, Texas. 


For Vice-President—Howard Bruce, chair- 
man of board, Bartlett-Hayward Co., Balti- 
more, Md. 


For Treasurer—William J. Welsh, vice- 
president and general manager, New York 
and Richmond Gas Co., Staten Island, N. Y. 


For Directors—Two-Year Terms: H. O. 
Caster, Cities Service Co., New York, N. Y. 
B. J. Denman, vice-president and general 
manager, The United Light & Power Co., 
Chicago, LIll.; Henry L. Doherty, president, 
H. L. Doherty & Co., New York, N. Y.; 
O. H. Fogg, vice-president, Consolidated Gas 
Co. of New York, New York, N. Y.; John 
A. Fry, vice-president and secretary, Detroit- 
Michigan Stove Co., Detroit. Mich.; Samuel 
Insull, Jr., vice-president, The Peoples Gas 
Light & Coke Co., Chicago, Ill; F. A. 


Lemke, general manager, Humphrey Com- 
pany, Kalamazoo, Mich.; Clifford E. Paige, 
vice-president, The Brooklyn Union Gas Co., 
Brooklyn, N. Y.; T. R. Weymouth, vice- 
president, Columbia Gas & Electric Corp.. 
New York, N. Y. 

The following members have been nomi- 
nated by Section Nominating Committees to 
serve «S$ section officers for the next Associa- 
tion year: 

Natural Gas Department: For Chairman— 
L. K. Langdon, Union Gas & Elec. Co., Cin- 
cinnati, Ohio; for Vice-Chairman—Frank L. 
Chase, vice-president, Lone Star Gas Co., 
Dallas, Texas. 

Accounting Section: For Chairman—J. M. 
Roberts, The Peoples Gas Light & Coke Co., 
Chicago, Ill.; for Vice-Chairman—E. B. 
Nutt, Standard Oil Co. of New Jersey, Pitts- 
burgh, Pa. 

Commercial Section: For Chairman—Wal- 
ter C. Beckjord, Boston Consolidated Gas Co., 
Boston, Mass.; for Vice-Chairman—N. T. 
Sellman, Consolidated Gas Co. of New York, 
New York, N. Y. 


Industrial Gas Section: For Chairman— 
E. L. Wilder, Utility Management Corp., 
New York, N. Y.; for Vice-Chairman—F. B. 
Jones, Equitable Gas Co., Pittsburgh, Pa. 


Manufacturers’ Section: For Chairman— 
D. B. Stokes, U. S. Pipe & Foundry Co., 
Burlington, N. J.; for Vice-Chairman, Ap- 
pliance Div.—John A. Fry, Detroit-Michigan 
Stove Co., Detroit, Mich.; for Vice-Chair- 
man, Apparatus Division—Merrill N. Davis, 
S. R. Dresser Manufacturing Co., Bradford, 
Pa. 

Publicity and Advertising Section: For 
Chairman—Jay Barnes, New Orleans Public 
Service, Inc., New Orleans, La.; for Vice- 
Chairman—Henry Obermeyer, Consolidated 
Gas Co. of N. Y., New York, N. Y. 

Technical Section: For Chairman—J. A. 
Perry, United Gas Improvement Co., Phila- 
delphia, Pa.; for Vice-Chairman—O. 5S. 
Hagerman, American Light & Traction Co., 
Chicago, Ill. 

The General Nominating Committee is com- 
posed of J. K. Swanson, chairman, L. B. Den- 
ning, Chester Gray, C. R. Miller, Frank H. 
Payne and G. W. Stiles. 


San Francisco’s Gas Appliance Ordinance 


ARLY in July the San Francisco Board 
of Supervisors put into effect a new 
ordinance, requiring city inspection of all gas 
appliances and house piping installed, pro- 
viding for issuance of permits for such in- 
stallation, and providing for regulations gov- 
erning the venting of appliances, as well as 
setting up a schedule of fees for gas ap- 
pliances permits. 
The new ordinance is on record as No. 
11.083, and its provisions cover the following 
subjects: 


Gas Appliance Dealers Certificate 


Provides that persons installing, maintain- 
ing or repairing gas appliances shall be duly 
qualified and hold a gas appliance Dealers 
Certificate of competency from the Depart- 
ment of Public Health. Employers shall be 
responsible for employees work, which will 
be covered by the employer's certificate of 
competency. 


Examinations 


The ordinance provides that applicants for 
the certificate must pass an examination, the 


examining board to consist of the city’s 
plumbing inspector, one gas appliance manu- 
facturer, one gas appliance dealer, one master 
plumber, one representative of a _ public 
utility and one journeyman plumber. The fee 
for such examination will be $5, payable in 
advance on filing of the application. 


Permits and Fees 


The ordinance provides for issuance of 
permits for installation of appliances and 
house piping and sets up a schedule of fees 
for each type of appliance, fees for gas out- 
lets, and reinspection fees. 


House Piping 


The new ordinance establishes require- 
ments for the diameter of gas house piping 


installed in any building, the number of 
lineal feet and the number of openings 
allowed. 


Ventilation for Gas Appliances 


The ordinance provides that no gas ap- 
pliance shall be installed unless the room 1s 
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ventilated so as to properly support com- 
bustion, and heating appliances designed to 
be used unvented must be equipped with ap- 
proved cut-off valves which automatically 
shut off the supply of gas when combustion 
is not taking place at the burners. 

Other sections of the new ordinance cover 
regulations of chimneys, flues, vents, vent 
connections, illuminating fixtures, warm air 
furnaces, space heaters, etc. 

A committee from the Gas Appliance So- 
ciety of California, headed by C. B. Babcock, 
president of C. B. Babcock Co., as chairman, 
has been working on the ordinance for sev- 
eral years, and its final passage in its present 
form is a tribute to the committee’s efforts. 


F. E. Benson Made Division Manager 


for Community Natural Gas Co. 


F. E. Benson, formerly manager of the 
Community Natural Gas Co. at Greenville, 
Texas, recently has been made _ division 
manager with headquarters at Greenville, 
filling the position left vacant by the death 
of E. P. Grifin. Mr. Griffin died July 9 in 
a Fort Worth hospital following several 
weeks illness. He had been at Greenville 
for about six years. 

Towns included in this district are Green- 


ville, Sulphur Springs, Commerce, Fairlie, 
Cumby, Campbell, Peniel, Caddo Mills, 
Farmersville, Josephine, Nevada, White- 


wright, Leonard, Trenton, Celeste, Cooper, 
Enloe, Pecan Gap, Ladonia, and Wolfe City. 

Other personnel changes recently announced 
by the company are: J. W. Inman, has been 
made local manager at Commerce, L. V. 
Hipp, manager at Chillicothe, and Joe Dar- 
row, formerly of the sales department, now 
manager at Hugo, Okla. 


“Blue Book of the Gas 
Industry” Off Press 


NNOUNCEMENT is made of 

publication of Vol. IV of Western 
Gas’ Personnel Directory of the Gas 
Industry. The directory is issued an- 
nually, and is priced in individual 
copies at $2.50 per copy. It is the 
only directory affording the names of 
district office personnel as well as head- 
quarter and holding company per- 
sonnel, arranged by states and classi- 
fied as to type of company. 


The “Blue Book of the Gas Indus- 
try” lists distributing, pipe line, hold- 
ing and producing companies in sepa- 
rate classifications, with district ofhces 
and their personne! in separate listings. 
Names of executive personnel are 
given, as well as type and pressure of 
gas, number of meters, population 
figures, and status of each company’s 
merchandising activities. Nearly 1,000 
headquarter and _ district company 
offices are listed, including those serv- 
ing liquefied petroleum gas. Territory 
covered in the directory includes the 
22 Western states, Mississippi, Ala- 
bama and Georgia, as well as Canada, 
Mexico, Hawaii and the Philippine 
Islands, 


Copies may be obtained by address- 
ing Western Gas, 124 West Fourth 
Street, Los Angeles, Calif. 
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A Merchandising Plan 
that Will Work 


Because It Is Based on 


Proved Fundamentals 
and 


Visible Value 


Available to Gas Companies 
and Dealers. 
Get It Before You Plan Your 
Fall Campaign. 


American Stove Company 


World’s Largest Manufacturer of Gas Ranges 


SAN FRANCISCO . . . 294 Brannan St. 
LOS ANGELES .. . . 1328 Santa Fe Ave. 
SEATTLE 2203 First Ave. South 
CHICAGO .. . . 1979 No. Michigan Ave. 
ST. LOUIS . . . . .825 Chouteau Ave. 


2 £1 AN CH 
REGULATORS 


Above: Spring Loaded Type 
To Right: Dead Weight Type 


| 
ooo AINTAIN UNIFORM PRESSURE for 


Manufactured, Natural and Butane Air Gases 


Reliance "Type H" Regulators maintain uniform delivery 
pressures at extremely high rates of flow and have an ex- 
ceedingly low lock up. 


They are made in spring loaded or dead weight types, with 
or without a mercury seal. 


Valve and valve seats are easily accessible for inspection 
and replacement through the hand hole, and adjustments 


iaiiliataivase iol for changing pressure are readily made. 
Gas Regulators 
for All Purposes Reliance Regulator Corporation also manufactures a high 


grade line of industrial or district regulators and "A" type 
appliance regulators either with or without safety feature. 


RELIANCE REGULATOR CORPORATION 


1000 MERIDIAN AVE., ALHAMBRA, CALIFORNIA 


ERE CNNmmemmmmmmnmnm:  S N k gpeeenmnpercecmmmamicias seaccencmmammananeata 3. aa 
NORTHWEST GAS & ELECTRIC EQUIPMENT CO., Portland, Oregon WESTCOTT & GREIS, INC., Dallas, Texas; Tulsa, Oklahoma 
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AMERICAN METER COMPANY—New York, Chicago, Pittsburgh D. McDONALD & COMPANY—Albany 
JOHN J. GRIFFIN & COMPANY—Philadelphia METRIC METAL WORKS—Erie, Denver, Kansas City 
HELME & McILHENNY, Philadelphia NATHANIEL TUFTS METER WORKS—Boston 
MARYLAND METER WORKS—Baltimore PACIFIC METER WORKS—Los Angeles, San Francisco 


RELIANCE REGULATOR CORPORATION—Alhambra, Calif. 


Covering Liquefied 


BUTANE - PROPANE NEws 


etroleum Gas Service 


Bottled Gas at the Xth Olympiad 


EVER have the facilities for conven- 

ience and living comforts of athletes 

competing in the Olympic Games been 
so completely attended to as this year, when 
an entire village has been especially con- 
structed to house some 2000 athletes, and 
numerous coaches, trainers, cooks and other 
attendants. Olympic Village is located in a 
tract on Baldwin Hills, Los Angeles. 

When the athletes of ancient Greece pitched 
their tents on the plain in Elis their “Olympic 
Village” bore slight resemblance to the mod- 
ern version, which covers some 331 acres and 
includes 550 two-room houses; 1200 feet of 
dining halls; baths; administrative build- 
ings; firehouse; and a hospital. Each of the 
35 delegations from as many different coun- 
tries has its own group of cottages, its own 
dining and bathing accommodations, and 
even its own cook. 

The Village, like any other modern city, 
has its private water supply, gas service, 
electric lights, telephone and telegraph sys- 
tems, hard surfaced streets, lawns, flowers, 
dental offices, training field, an open-air the- 
ater, postofhce, fire and police departments, 
a commissary, a bank for the exchange of 
foreign currency. Affairs of the 
Village are administered through 
executive offices in the Adminis- 
tration building at the entrance to 
the town. A flat rate of $2 a day 
per athlete is charged, the cost 
covering lodgings. food, local trans- 
portation, and special entertain- 
ments staged nightly at the Vil- 
lage theater. 

When it came to settling the 
cooking and bathing service prot- 
lem the Olympic Games Commit- 
tee wisely selected bottled gas to 
do the work. One proviso of the 
lease contract on Olympic Village 
was that the property be turned 


ILLUSTRATIONS 


BELOW, CENTER: Aijir view of Olympic 
Village, with administration buildings in 
the foreground. Group kitchens and bath 
rooms are shown, scattered at _ intervals 
throughout the _ village. 


LEFT: Service alleyway between two groups 
of kitchens showing manifolded bottled gas 
cylinders. 


AT RIGHT: Close-up of Flamo-filled cylin- 


ders outside an Olympic Village kitchen. 


back to the owners by December 17 in the 
same conditions it was received. Although the 
site lies between the distribution systems of 
two gas companies, this meant that duplicate 
expense would be encountered in laying and 
tearing out gas mains. Arrangements there- 
fore were entered into with Standard Oil Co. 
of California to install propane service for 
the needs of the Village. From the micdle 


of July, when delegations began to arrive at 
Olympic Village, on through the period of 


the Xth Olympiad, July 30 to August 16, 
propane in the form of Standard Flamo will 
cook the food and heat the water for Olympic 
participants, supplying a community of 2500 
persons, 

As may be seen in the acompanying photo- 
graphs, separate kitchens and dining halls 
have been located over the Village, six of 
them, at strategic points. These six kitchens 
are in turn divided, resulting in approxi- 
mately 34 separate kitchens and dining 
rooms in operation, each caring for from 40 
to 320 persons. Propane is fuelling several 
types of automatic continuous flow water 
heaters for dish-washing, large restaurant 
ranges of double-oven type, seven-top burner 
and regular gas ranges, coffee urns, four- 
burner gas broilers, steam tables, and large 
stack pots in the various kitchens. Rented 
natural gas stoves have been reconstructed to 
operate efficiently on propane. 

Five bath houses provide hot and cold 
showers as well as tub and steam baths for 
the athletes. Steam boilers of 1% H. P. 
supply an almost constant demand of 25 
pounds pressure. And when special baths 
were called for, the Olympic committee pro- 
vided them. For example, the 
Japanese delegation is enjoying 
two special rectangular tubs of 
360-gallon capacity, each in which 
several bathers splash themselves 
and each other with 100 degree F. 
water. Specially designed pro- 
pane-stoves were built into one 
end of each tank, using an indus- 
trial type burner to maintain 
water at the required temperature. 
A continuous flow of water, cold 
at intake and 100 degrees main- 
tained in the tank, is supplied. 
For the Finnish delegation their 
own unique steam bath is avail- 
able. An industrial burner is in- 
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jected into a fire pit and the products of com- 
bustion stacked off. Heat is soaked into large 
pebbles over which water is dashed in cup 
fulls, to produce an invisible, super-heated 
steam. While Finland’s athletes take this 
super-steam bath they switch themselves with 
birch switches to round out the treatment. 

Propane cylinders being used at Olympic 
Village are of 21 liquid gallon capacity, the 
equivalent of about 800 cubic feet of 2550 
B.t.u. gas, mixed at the appliance with air 
in the approximate ratio of 24 parts air to 
one of propane. Full of propane the cylinders 
weigh 204 pounds each. They are trucked 
into the Village from a company depot at 
Inglewood, a few miles distant. Daily deliv- 
eries are being made, averaging about 30 
cylinders a day. The set-ups installed late 
in July comprised 414 cylinders and 94 Re- 
liance regulators. As the accompanying views 
show, several cylinders are manifolded at 
each set-up. 
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Domestic appliances are operating on a 
10-inch water column pressure and the in- 
dustrial burners for special water heating 
service at 4 pounds. 


A. A. Bewley of Standard’s Flamo depart- 
ment is on hand at Olympic Village prac- 
tically continuously. supervising installation 
and service problems. Carl Golden, technical 
engineer for all liquefied natural gases dis- 
tributed by Standard, has advised on equip- 
ment design and layout for efficient use of 
Flamo at the Village. 


This unique service being rendered by 
bottled gas will be a lasting testimonial to 
the adaptability of this fuel. With natural 
gas firing the Olympic Beacon, above the 
stadium where principal track and field 
events are being held, as described elsewhere 
in this issue, and bottled gas doing duty at 
the Olympic Village, gas service is well rep- 
resented at the Xth Olympiad. 


“New Meter” Campaign Gets Results 


SUCCESSFUL 60-day “New Meter” 

campaign has just been concluded by 
the merchandising departments of Natural 
Gas Corp. of California, Natural Gas Corp. 
of Oregon and Natural Gas Corp. of Wash- 
ington. 

This campaign was designed to serve a 
three fold purpose—the addition of new 
customers, increase in load and reduction of 
inventory during the period. 

That it was successful in this regard is 
shown by the fact that S. E. Crowther, repre- 
sentative of Natural Gas Corp. of Washing- 
ton at Port Angeles showed a net gain of 22 


Write for descriptive circular 


KEROTEST MFG. CO. 


PITTSBURGH, PA. 


per cent in new meters during the period, 
taking first place in the contest, closely tol- 
lowed by J. H. Dunbar of Camas, who took 
second place. 

Appreciable gains were also made in load, 
first place in this division being taken by 
W. E. Berry, representative of Natural Gas 
Corp. of Oregon at Klamath Falls, who added 
appliances representing a 1,500 M.c.f. annual 
increase in load during this period. He was 
closely followed by Mr. Crowther who added 
1,482 M.c.f., and by F. H. Rhodes, salesman 
at El Centro for Natural Gas Corporation of 
California, who added 1,446 M.c.f. 

In the third division, E. Mullis, representa- 
tive for Natural Gas Corp. of Oregon at The 
Dalles took first prize for inventory reduc- 
tion, second place being taken by Mr. Rhodes. 

Excellent results were aiso obtained in 
various other districts, and as can be seen 
from the above prize winners, each company 
was well represented in the final awarding 
of honors and the benefits derived from this 
campaign. 

All three companies are now engaged in a 
“Vacation Special” campaign which promises 
to be equally gratifying in results. 


Gas Conservation Law in . 
Effect in Turner Valley Field 


The law regarding conservation of natural 
gas in the Turner Valley field of Alberta went 
into effect on Monday, July 4. All wells were to 
be closed in so that the Alberta Conservation 
Board could ascertain the gas pressure at 
each well to enable it to allot a fair pro- 
duction figure for each operator. It is 
planned to reduce the gas output from the 
field to 200,000,000 cubic feet daily. 


Postpone Municipal Gas 
System at Oswego, Kan. 


Veeder Supply and Development Co. has 
been granted an extension until September 20 
for beginning construction of the municipal 
gas plant and distribution system at Oswego, 
Kan. The company is under contract to 
supply gas from fields near the town by that 
date. 


Hattiesburg Division of Mississippi 
Service Co., Suspends Service 


Mississippi Service Co., Hattiesburg, Miss., 
suspended service on June 27, after 27 years 
of service. The company had been servy- 
ing manufactured gas in Hattiesburg. 
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Valuable P.C.G.A. Report | 
on Liquid Gas 


EADERS of the Butane-Propane_ | 

News department will find par- | 
ticular interest in the report on “Liquid 
Gas,” beginning on Page 49 of this 
, 
issue. The report was prepared by a 
committee of the Pacific Coast Gas 
Association, with H. L. Farrar, vice- 
president of the Standard Management 
& Operating Corp., as chairman. 


Major heads in this comprehensive 
discussion are: Butane-Air Plants; 
Straight Liquid Vapor Gas Plants; 
Tank Gas (individual tanks sold to 
consumers); Use of Butane as an 
Enricher in the Manufacture of Oil 
and Water Gas. 


Pacific Gas and Electric Co. in 
Deal with Standard Subsidiary 


EGOTIATIONS are reported to be 

well advanced for the purchase by 
Pacific Gas and Electric Co., San Francisco, 
Calif., of Pacific Public Service Co. from 
Standard Oil Co. of California. Pacific Pub- 
lyic Service Co. owns and operates Coast 
Counties Gas and Electric Co., Santa Cruz; 
Coast: Industrial Gas Co., Coast Natural Gas 
Co., Natural Gas Corp. of California, Nat- 
urdl Gas Corp. of Oregon, Natural Gas 
Corp. of Washington, of San Francisco, and 
the West Side Natural Gas Co. of Taft, 
Calif. Standard’s interest in the “Stanpac’”’ 
gas line from Kettleman Hills to Richmond 
is also reported to be involved in the trans- 
action. 

The purchase is reported to be condi- 
tioned upon an offer by P. G. and E. to the 
holders of first preferred and, non-voting 
stock at the ratio of 45-100ths of a share 
of P. G. and E. common stock for one share 
of Pacific Public Service Co. first preferred, 
one-fifteenth of a share of P. G. and E. 
common for one share of Pacific Public 
Service Co. non-voting common stock. The 
first preferred stock of Pacific Public Serv- 
ice Co. exchanged for Pacific Gas and Elec- 
tric Co. common stock will carry cumulated 
dividend rights. 


Pacific Lighting Reports Gain 
in Net Profit for 1931-32 


Pacific Lighting Corp., subsidiaries of 
which operate in Southern California territory, 
report a net profit for the year ended June 
30, 1932, of $7,766,612.68 as compared with 
$7,218,910.79 for the preceding year, repre- 
senting an increase of $547,701.89 or 7.6 per 
cent. 

The company’s principal subsidiaries are 
the Los Angeles Gas and Electric Corp., the 
Southern Counties Gas Co. and the Southern 
California Gas Co. 


May Serve Manufactured 
Gas at Ava, Ill., Report 


Construction of a gas plant at Ava, IIl., is 
expected to get under way shortly by the 
Western United Gas and Electric Co., Au- 
rora, Ill. The town is now supplied from 
the Jackson field. The company’s present 
supply is reported to be failing, and a 
clause in the franchise permits the service 
of manufactured gas. 
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Henley and Barker Asking Two 


Minnesota Gas Franchises 


H. H. Henley and L. Barker, Minneapolis, 
Minn., said to be acting for the Liquefied 
Natural Gas Corp. of Minneapolis, are 
asking for franchises to serve propane gas 
in Glencoe and Redwood Falls, Minn. Min- 
neapolis capital is understood to be _ back- 
ing the development, and this company 
is reported to be ready to construct and 
operate about four new plants in the state. 


Kerotest Manufacturing Co. Publishes 
Booklet on Propane Equipment 


Kerotest Manufacturing Co., Pittsburgh, 
Pa., has recently issued an eight-page illus- 
trated booklet, describing its forged brass 
manifolds, valves and fittings for propane 
gas service. Copies of the booklet will be 
mailed on request. 


New "Bottled" Gas Distributor 


The Protane Natural Gas Co. recently 
opened an office in Jacksonville, Fla., with 
George Mueller as president. The company 
is distributing bottled gas in the area, and is 
also selling gas appliances and accessories. 


Chandler Transferred to Anacortes 
by Natural Gas Corp. of Wash. 


J. B. Chandler has been appointed to re- 
present the Natural Gas Corp. of Washington 
at Anacortes, Wash., succeeding W. E. Evans. 
Mr. Chandler was formerly at Bremerton 
in a similar capacity. 


Arco and Mackay May Have 
Bottled Gas Service 


Frank Silene is reported to be planning 
distribution of liquefied petroleum gas in 
Arco and Mackay, Idaho. Some form of 
bottled gas probably will be distributed. 


Mayfield Schedule for Service 


Butane service is expected to begin for the 
winter load in Mayfield, Ky., where May- 
field Kentucky Gas Co. is constructing a plant 
and distribution system. 


To Distribute Bottled Gas 


Pyrofax Gas Co. has opened an office and 
sales room at 518 Post Road, Greenwood, 
Mass., for the distribution of bottled gas 
and the sale of appliances. 


Increasing Propane Recovery Capacity 


Standard Oil Co. of Indiana, headquartered 
at Chicago, is reported to be enlarging its 
plant for the recovery of propane gas at 
Hammond, Ind. 


Improvements at Watseka 


Great Northern Utilities, Inc., Watseka, 
Ill., plans to expand its plant and add to its 
distribution facilities at Watseka. 


Safety Records Hung Up 
by San Diego Consolidated G. & E. 


Ray A. Edwards, safety director for San 
Diego Consolidated Gas and Electric Co., 
San Diego, Calif., announces that his com- 
pany has made a record of one-fifth of a 
million man-hours worked and one-sixth of 
a million motor vehicle miles operated with- 
out a lost time accident to any employee 
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during the month of June. This marks the 
first month in the history of the company 
without a lost time accident of any sort. 
Four departments of the company have hung 
up a record of over one year without a lost 
time accident. These include the Record 
Department, Transportation Department, 
Special Construction Department, and Gas 
Meter Shop. Five departments have run 
for over six months without a lost time ac- 
cident—the Gas Production Department, 
Storeroom and Yards, Shop, Electric Meter 
Shop and Station “A” of the Electric Pro- 
duction Department. 

Lost time accidents throughout the com- 
pany for the first six months of the year 
were reduced to 10 for 1932 as compared 
with 48 in 1931, a reduction of 79.2 per 
cent. 


Colorado Company Moves to 
New Headquarters 


Pueblo Gas & Fuel Co., Pueblo, Colo., a 
subsidiary of Public Service Co. of Colorado, 
is planning to move about the first of August 
into new and larger quarters at 815 S. Main 


Street. The new office will double the space 
of present headquarters and will provide 
spacious show rooms with larger display 
windows. 


Syracuse, Neb., in Line for Service 


It is reported that the Natural Gas Pipe 
Line Co. of America, Chicago, IIl., is plan- 
ning to ask for a gas franchise in Syra- 
cuse, Neb., near the main line. 


HIS review of developments in meas- 

urement methods and equipment was 
fittingly delivered before the Southern Calt- 
fornia Meter Association at the close of its 
fifth year of service, at the June 23 meeting 
held in Whittier, Calif. R. F. Angell, the 
writer, is a past-president of the Association 
and has contributed in many ways to the 
advancement of the §.C.M.A. He deals briefly 
with historical and beginning stages in mod- 
ern measurement practice, passing on to con- 
sider the rapid advance made in the past five 
years. His forecast of future develop- 
ments in remote control of measurement 
apparatus, and in other essential directions, 
is particularly significant.—EDITOR. 


ROBABLY the first historic record of 
Pruia flow measurement was in the time 

of the Pharoahs, when the Egyptians 
diverted the Nile floods by large canals and 
distributed the water over wide areas for 
irrigation purposes. ‘The water was un- 
doubtedly proportioned by acreage, and was 
measured as it flowed by means of weirs. 


The Romans also 
filled an important 
part in the progress of 
measurement. The 
water supply system 
of Rome laid the foun- 
dation for our present 
water distribution sys- 
tems. It brought water 
for hundreds of miles 
through the first aque- 
ducts and prorated it 
between thousands of 
homes through the first 
metal pipe lines. The 
orifice was used as a 
means of controlling 
the proration. The Roman water supply sys- 
tem is the first example of a highly standard- 
ized method of fluid measurement. As 
measurement engineers, we have a very in- 
teresting and ancient background. 


While the beginning of this profession 
dates back to ancient times, it was not until 
recent years, that much further progress was 
made. The 17th and 18th centuries brought 
about the actual formulation of the funda- 
mental laws of fluid flow, but it was not until 
later that city distribution systems created the 
necessity for the development of small meters, 
and our present civilization has only appre- 
ciated the usefulness of these devices to any 
great extent for the small space of possibly 
50 years. 


The first gas company in the world was 
started in London in 1812, but the first record 
of the use of gas for domestic purposes was 
about 1830. The small positive gas meter 
progressed with the industry; its basic prin- 
ciples and the essential ideas of its construc- 
tion have remained the same to the present 
day. The small positive displacement gas 
meter of today has reached a point of per- 
fection whith makes it outstanding in its sus- 
tained accuracy and dependability. This has 
been accomplished mainly by improvement in 
materials, workmanship and standardization. 

Gas came into general use about 1895. As 
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the industry of manufactured gas progressed, 
another giant industry, the natural gas in- 
dustry, came into being. The use of natural 
gas is mentioned many times in early history, 
but it was not until the last of the 19th cen- 
tury that it created much interest and took 
the form of business projects. While manu- 
factured gas projects were generally well 
managed and progressed along conservative 
lines, the natural gas industry in its early 
history was in general just the opposite. 


The uncertainty of supply and the lack of 
proper equipment and methods to cope with 
the tremendous surplus of it, contributed to a 
general laxity in the organization and man- 
agement of many natural gas projects. 


Many systems used flat rates instead of 
meters, and those that did use meters did not 
seem to consider their accuracy of much im- 
portance. Tremendous waste of natural gas 
existed and pressure control was far from 
being satisfactory. However, this was the 
beginning of the first comprehensive measure- 
ment of flowing gas. Its necessity was brought 
about by the distribution of large quantities 
of gas under high pressure that originated in 
the oil fields and had to be distributed through 
large networks of pipes. During the early 
days of natural gas distribution, measuring 
was very nominally attended to, specific 
gravities were usually nominally chosen and 
temperatures approximated. Very often pres- 
sures were given little heed and the unity of 
measure accepted under the flowing foot, 
under pipe line conditions. 


Soon, however, due to increased consump- 
tion at the delivery end, and the attendant 
friction losses, and the complication where 
buyer and seller endeavored to measure the 
same quantities at their respective ends of 
the system, the necessity of accuracy became 
a matter of wide interest. Many groups of 
men attacked the problem of measuring gas 
quantities by use of the pitot tube and the 
orifice in terms of a common volumetric 
standard that was referred to some definite 
or accepted pressure and temperature. The 
first standard was probably that which was 
more intimately related to the eventual con- 
sumer, namely 4 ounces of pressure over a 
nominal barometric pressure of 14.4 pounds 
per square inch, and a presumed temperature 


of 60°F. 


Orifice Meter Introduced 


Following upon the heels of effort to meas- 
ure large volumes of gas accurately, came the 
development of the now common differential 
recorder and rigid specifications as to orifice 
meter set-ups. 


The first commercial orifice meter was 
made in 1911, and was of the spring type 
variety. Previously, the orifice plate and 
pitot tube were used in connection with 
manometers and pressure gauges. 

In 1915, the first mercury type orifice meter 
was furnished the industry. 

While the basic flow governing fluid flow 
in pipes were well formulated many years 
prior to 1915, it was not until the simple 
mercury differential recorder was offered, that 
fluid flow measurement started its tremendous 
growth. Work of establishing the factors and 
coefficients, which made useful the mercury 
differential recorder, also came several years 
before the meter. 

Development in improvements and adapta- 
bility to increased usefulness of the now 
common mercury differential recorder, divided 
itself into several classes. Some manufactur- 
ers concentrated their efforts on gas measure- 
ment, while some concentrated on steam and 
water measurement. Other fluids were not 
given much consideration. However, as time 
progresses, we find all manufacturers adapt- 
ing their orifice meters to all types of fluids. 

Today anyone requiring to measure gas or 
any other fluid has merely to purchase a 
standard recorder and appropriate standard 
orifice fittings, and can find in publications 
issued by the several engineering societies or 
the manufacturers of orifice meters, coefh- 
cients, correction factors and full instructions 
for their use. The one-time art of measuring 
gas now has been reduced to a standardized 
procedure. 

Endeavor at perfecting the efficient use of 
standard equipment must, of necessity, be led 
by individuals striving toward definite goals 
for definite purposes. But in the final analy- 
sis, the affecting of standards can only be had 
by constructive discussion by or between 
groups. In this connection, our meter asso- 
ciation has, I believe, contributed a service. 
Functioning as a melting pot for ideas, the 
S.C.M.A. has brought together men of many 
states and many industries and has effected 
agreements and understandings that were as 
valuable as they were timely. Such progress, 
to be of value, must have wide distribution, 
and again the meter association has func- 
tioned worthily, by means of its data sheets 
and formal reports, which reflect credit upon 
all of those individuals who have contributed 
to the work. 


Notable Recent Progress 


The most obvious development, during the 
five years that the association has been work- 
ing on standards, has been the development 
of a variety of specialized recording in- 
struments. 

_ About the time of the origin of the associa- 
tion, recording specific gravity apparatus was 
yet a novelty, integrating meters were not 
well known, and recording thermometers not 
yet in common use. Measurement originated 


in charts which referred only to pressures 
and the final measurement in terms of stand- 
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ard units was a matter of clerical calcula- 
tions. These pressure recorders were com- 
monly located at or near the orifice which of 
necessity were widely scattered, thereby en- 
tailing much labor in gathering charts. 

We have seen the advent of the integrating 
meter, the advent of the remote reading 
meter, and the common acceptance of me- 
chanical devices that greatly lessen the labor 
of chart calculations, such as the square root 
planimeter and the two-pen integrator. We 
have seen the orifice meter broaden its scope 
and usefulness, and find it measuring a great 
variety of fluids from the lightest of the 
gases, hydrogen, to heavy and viscous liquids, 
such as road oil. We have seen it take its 
place as a prominent factor in controlling all 
continuous fluid processes. We have seen its 
use extended to the measurement and control 
of acid flow, and to the measurement of oils 
under high pressure and temperature. 

During the first five years of this associa- 
tion, subjects of vital importance to the gas 
and oil industry have been discussed. Many 
measurement men of power plants and 
chemical industries are entering our ranks, 
and as our association progresses, we can 
look for a broadening of its scope. 


S.C.M.A.’s Progress Forum 


During the progress of this association, the 
subject of the purification of mercury was 
dealt with, and definite recommendations as 
to methods of cleaning and handling mercury 
were made, and recommendations for the 
construction of a simple mercury still was 
offered. Methods of obtaining specific gravi- 
ties and pipe line temperatures were discussed 
and reported on. As new pieces of equipment 
are placed on the market, this association has 
always invited the manufacturers to submit 
and exhibit their equipment for open discus- 
sion and several pieces of equipment have 
had their first showing at our meetings. 

The subject of the correct testing and re- 
pairing of differential recorders, from the 
standpoint of the man actually making the 
test or repair, has given us much material for 
discussion, and has resulted in many time- 
saving “Gadgets,” and in changes in design 
of present equipment. 

Complete reports on the measurement of 
steam and the measurement of oil by orifice 
meter were submitted by members of our as- 
sociation, and this contributed to the profes- 
sion as a whole. 

Our recommendations as to standard orifice 
plates, charts, and methods of computations 
have brought about numerous economies to 
the companies we represent, and the profes- 
sion as a whole. 

The assocjation has heartily accepted the 
alignment chart as a convenient way of 
carrying data, and many useful alignment 
charts as well. A complete discussion of this 
subject has been published by this association. 

Plant problems in connection with metering 
have received important discussions at our 
meetings, as have the subjects of gas regula- 
tion and standard regulator, and meter hook- 
ups. 

Temperature, pressure and flow control, 
methods of sampling gases, and methods of 
handling charts are subjects which have had 
time and attention given them. 

The discussion of displacement meters has 
been allotted a portion of our time and sev- 
eral timely reports have been read before the 
association. 

There have been several subjects which 
have been of especial interest to our mem- 
bers, and have taken up considerable time. 
They are the subjects of pulsating flow, and 
the deviation from Boyle’s law. Definite in- 
formation regarding the former has been pub- 
lished, and while nothing definite as to the 
latter has been published, we are glad that 
many of our members have taken part in the 


extensive work carried out by our govern- 
ment. 

New adventures in gas practices, such as 
the development of liquid petroleum gas and 
of gas injection methods, were promptly and 
capably reported on for the benefit and inter- 
est of our members. 


What the Future Holds 


We may now look into the future to see 
what never-ceasing evolution will have in 
store for the measurement industry in the 
next few years. 


Parallel with the development of orifice 
meter measurement have been developments 
in other industries. Outstanding among these 
are telephone and electrical instruments which 
make use of the now common radio amplify- 
ing tube. 


At this present time, there is already on 
the market a system by which very distant 
pipe line pressures may be transmitted over 
leased telephone wires to almost any dis- 
tance, by means of small electric currents, 
which at the receiving end are amplified to 
sufficient strength to operate recorders. It 
would be but a step from an application of 
this sort to a method whereby orifice meter 
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measurement may be similarly carried, with- 
out the necessity of pipes or special wires for 
the purpose, and made to operate integrators 
that will deliver up monthly bills for fluid 
consumption, or keep the home office graphic- 
ally posted as to the operation of a distant 
plant or station. 

We have examples of this in other lines 
already, but it would be without the scope 
of this paper to say more than that in modern 
refineries, power plants, and chemical indus- 
tries, the once lowly pressure gauge and 
volumetric meter have evolved into highly 
elaborated systems of apparatus, that auto- 
matically control or automatically record pro- 
cesses which once were guided directly by the 
human hand. 

What the future of the orifice meter may 
be is as yet beyond conjecture, but the great 
interest that is at this time shown in accurate 
measurement and precise instrumental devel- 
opment must bring forth results. I am con- 
vinced that this profession and this phase of 
measurement will keep ahead of its current 
needs, and instrument makers and users will 
be among the first to make use of new dis- 
coveries and applications in the field of 
metallurgy, electro-chemistry, radio and elec- 
tricity. 


New Administration Takes Office 


EETING at the Hotel Robinson, Long 

Beach, Calif., the Southern California 

Meter Association officially began a 
new year with installation of the 1932-1933 
administration. P. W. Hill, outgoing presi- 
dent of the organization, expressed his ap- 
preciation for the cordial support given him 
by the membership and his fellow officers in 
the year past, and then took occasion to in- 
troduce to the meeting the past presidents of 
the $.C.M.A. T. K. M. Smith, B. M. Laul- 
here, J. J. Delaney, R. F. Angell, B. G. 
Williams, and P. W. Hill acknowledged the 
introduction, representing the entire roll call 
of past-presidents. 


After receiving the gavel of office L. P. 
W. Des Brisay turned the meeting back to 
Mr. Hill, who conducted the speaking pro- 
gram of the evening. . 


“Telemetering and Remote Control’, as 
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developed in a paper by Ralph Cook of the 
Southern California Gas Co., was a subject 
which drew interested discussion. Num- 
erous applications for remote control in gas 
distribution systems, oil refineries, natural 
gasoline plants, were mentioned in the dis- 
cussion following the paper. Mr. Cook out- 
lined the various methods by which remote 
control of flow might be effected; his paper 
will appear in Western Gas for September, 
1932. Several companies in the West at 
this time are investigating possibilities of 
remote control, with a few installations 
already made. 

J. A. Campbell, of the J. A. Campbell Co., 
Long Beach, Calif., was the second speaker 
on the July program, giving interesting ex- 
position of the design and functioning of 
the Daniel orifice fitting and the Daniel dead 
line fitting. lis paper will also appear in 
nxt month’s issue. 


Missouri Western Gas Co. to 
Operate in Butler, Mo. 


The Missouri Western Gas Co., Butler, 
Mo., has been formed to own and operate 
the gas system formerly owned by the West- 
ern Service Corp. in Butler, Mo. The com- 
pany was organized by the Oil Well Supply 
Co. for the purpose of operating this system 
when foreclosure action was taken by that 
company. Western Service Corp., Tulsa, 
Okla., now in receivership, formerly served 
the town. 


Cooling System at Taft Compressor 
Station Is Being Rebuilt 


Southern California Gas Co., Los Angeles, 
is rebuilding its gas cooling system at the 
Taft compressor station at a cost of approxi- 
mately $50,000. The open pond which has 
been in service for the past 18 years is being 
replaced with a Fluor tower. The plant 
and yard piping is being taken up and re- 
conditioned. 


New Meter Shop for Santa 
Cruz Company Now Operating 


A new meter shop was recently placed 
in operation by the Coast Counties Gas and 
Electric Co., Santa Cruz, Calif. The shop 
is located at the Beach Substation, and fea- 
tures several innovations in equipment. 
Among these is the insulated meter prover 
room. The walls and ceilings of this room 
are hollow with four inches of silocel in 
between. A _ special thermostat sensitive to 
temperature changes of one-half degree is 
located between the two meter provers and 
is connected to a small gas circulating heat- 
er. This room contains two 5-cubic foot 
provers, used for domestic meters, and one 
10-cubic foot prover, used on industrial me- 
ters. Special lighting fixtures are provided, 
and the room also contains a hydraulic lift 
conveyor truck for the -purpose of moving 
the large industrial meters, 


Louis Wollenberger has been placed in 
charge, working under A. R, Bailey, gas 
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superintendent. Mr. Wollenberger is as- 
sisted by Joe Johnson and Ed. Yockey, for- 
metly of the Pittsburg Division of the com- 
pany. 


New Differential 
Controlled Pilot Valve 


DIFFERENTIAL controlled pilot valve 
A extremely sensitive in action, has been 
developed recently by D. L. Clark, machine 
shop foreman of the Southern Counties Gas 
Co., Los Angeles, Calif. 

In this device a small valve is opened or 
closed by a differential pressure. The valve 
can be adjusted to open or close at amy speci- 
fied differential from 1/10 of an inch of 
water to many pounds per square inch, and 
is unaffected by change in static pressure. 
Test installations on the Southern Counties 
system have been made on pressure up to 
250 pounds. 

The Clark valve has been under test for 
several months on a boosting regulator set- 
up in one of the Southern Counties’ distribu- 
tica systems, and a number of others similar 
to it are soon to be installed. 

No mercury or floats are used in the con- 
struction, nor are there any levers, pins, or 
toggles. There are only two direct-acting 


moving parts, each of these being independ- 
ent of the other. 

The valve can be made to open by an 
increasing differential or by a decreasing dif- 
ferential. It can also be made to operate a 
quick-acting high voltage electric switch for 
remote control work. 

This differential pilot is adaptable to such 
control problems as boosting the delivery 
pressure of either a low pressure or high 
pressure regulator when the load on the 
reguiator reaches a given amount; auto- 
matically cutting in a standby or auxiliary 
regulator when the load on the main regu- 
lator reaches a given amount; opening valves 
in parallel orifice meters as the load in- 
<reases; other uses in automatic control sta- 
tions for high pressure holders and in boiler 
<ontrols also suggest themselves. 


Metric control case and strainer 

with reducing valve, showing 

inside of case, chart and chart 
disc removed. 


American Meter Bulletin 
Describes New Metric Control 


HE American Meter Co. announces the 

publication of Bulletin E-5 covering 
Metric Control for flow of gases and liquids 
and describing an important new develop- 
ment, made possible by the Metric Rotary 
Pilot Valve. 


The principal new features are an auto- 
matically adjusted opening for release of 
pressure from the diaphram head which 
greatly reduces the amount of gas used for 
control; the elimination of tank and outlet 
throttle valve control and a simplicity which 
assists in adjusting and cleaning. 

Changes in the time element can be made 
by an adjustment of a single micrometer 
screw and the unit can be used either with 
an open or closed type controlled valve by 
a single adjustment. 


Absorption Plant to Be in 
Operation by September 


Standard Gasoline Co., Los Angeles, Calif., 
Standard Oil Co. of California subsidiary, 
has operations well under way on its new 
natural gasoline absorption plant on the 
North Dome, Kettleman Hills. The plant 
will have a capacity of 50,000,000 cubic feet 
of high pressure gas, 3,500,000 cubic feet of 
low pressure and 1,500,000 cubic feet of 
vacuum gas. Several departures have been 
made from previous practices in construct- 
ing such plants, according to company en- 
gineers, among these being the installation of 
one long cooling tower, the elimination of 
low pressure absorption equipment and the 
use of cooling coil sections instead of gal- 
vanized pipe. 

Construction operations are under the di- 
rection of C. W. Deacon of the Engineering 
Department of the Standard Oil Co. of Cali- 
fornia and engineering and design are in 
the hands of Standard Gasoline Co. Labor is 
being obtained from the surplus in all depart- 
ments, and material is being transferred 
from other plants to the site of the new one 
wherever possible. The plant is expected to 
be in operation about September 1. 


Nichols, Calif., Now Served With Gas 


Coast Counties Gas and Electric Co. be- 
gan service of natural gas in Nichols, Calif., 
during the middle of July. 
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Reliance Regulator Corp. Offers New 
Regulator Testing Machine to Trade 


NEW regulator testing machine has re- 

cently been developed by the Reliance 
Regulator Corp., Alhambra, Calif. The de- 
vice was made for use in the company’s own 
shops, and is now being offered to the in- 
dustry for use in regulator repair shops. 


The testing machine makes it possible for 
shop repairmen to test and adjust practically 
all makes of house service regulators and 
determine any body or diaphragm leaks. 
Check pressures and flow pressures can be 
set, and observations made to determine lock 
up pressures. Inlet pressures can be varied 
to suit the convenience of the customer and 
regulators can be given both soap suds or a 


water submersion test if required in a single 
setting of the reguiator in the machine. Hor- 
izontal and vertical regulators can also be 
mounted in the machine’s connections. Fur- 
ther information regarding the new testing 
machine will be furnished on receipt of a 
request by the company, 1000 Meridian Ave., 
Alhambra, Calif. 


Seattle Office of Pittsburgh 
Equitable Moves; Arneson in Charge 


Announcement has been made that the 
Seattle, Wash., office of the Pittsburgh 
Equitable Meter Co. has been moved to 1518 
First Avenue, South. 


This district office is now in charge of 
Fred A. Arnesen, who was recently trans- 
ferred from Dallas, Texas, where he was 
in charge of the southwest territory. 
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ELECTROLUX 


lee Cream Cabinets! 


ERE’S big news for Gas Com- 
panies! The new Electrolux 

Ice Cream Cabinets will profitably 
increase your commercial load . . . 
help bring back to normal, loads 
curtailed by industrial gas users. 
Already many alert gas execu- 
tives have grasped the opportu- 
nity offered by this new line. For 
this year—more than ever before 
—ice cream manufacturers and 
retailers are searching for equip- 
ment that will cut their mainte- 


nance and operating costs ’way 
down. And Electrolux Ice Cream 
Cabinets are their choice! 


The reason? Electrolux Ice 
Cream Cabinets are a sensational 
development in the ice cream in- 
dustry. Unlike any other ice cream 
cabinet on the market today, 
Electrolux Ice Cream Cabinets 
operate without machinery. This 
means there’s very little about 
them to get out of order . . . cause 
trouble . . . require servicing. And 
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SAME REVOLUTIONARY 
CHILLING UNIT in the new 
Electrolux Ice Cream Cabinets 
as found in popular Electrolux 
domestic models. 


the cost to operate is low. 

Right now, decide to include the 
seven new Electrolux Ice Cream 
Cabinets in your selling efforts 
for this fall and next year. Just as 
Electrolux domestic models have 
increased home gas consumption, 
so Electrolux Ice Cream Cabinets 
will add valuable MCFss to your 
commercial load. 

For complete details, write 
Electrolux Refrigerator Sales, 
Inc., Evansville, Ind. 
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Ring Burners for Every 
Application 


Johnson Ring Burners are 
made in a variety of diameters 
—from 4/4 inches to | 5 inches. 
The 60BCE illustrated is made 
up of three individual burners 
which may be used separately 
or in combination. Each has a separate mixing tube and valve. A 
very efficient burner for numerous commercial uses. 


Count the Features of the 
No. 118 Bench Furnace 


There is nothing else like the No. 118 
Combination Bench Furnace. Numerous 
features make it the best bench furnace 
value of the day. It melts soft metals, heats 
soldering coppers, heat-treats, tempers and 
anneals. Produces intense heat without 
forced air blast. Its low price would sur- 
prise you. 


Eee SZC. 


Pacific Coast Representative—C. B. BABCOCK CO. 
135 Bluxome St., San Francisco, Calif. 


FOB TL 


REGULATORS & GOVERNORS 


| Complete Line of Regulators for 
ie Natural, Manufactured, Butane and Propane Gas 


Pacific Coast Representative, 


T. G. ARROWSMITH COMPANY, 


661 Howard Street San Francisco, Calif. 
Phone Garfield 8419 


GROBLE GAS REGULATOR COMPANY 
Office and Factory: Anderson, Indiana 


QUIET 


General Magnetic Gas Valve Features: 


Electric Hum Eliminated. 

V>-3” sizes. Low and High Voltage. 

Built for High Pressure Gas. 

Made in slow-opening types. 

Simple in Design—Infallible in Operation—Low in Price. 


GENERAL CONTROLS CO., LTD. 
1539 Folsom St. San Francisco (; 


Jensen Instrument Company Los Angeles Distributors @ 
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T. E. Bartlett Joins Staff 
of Oklahoma Natural Gas Corp. 


ITH a specific assignment of assist- 

ing dealers in educating the public to 
the efficient use of gas appliances, Thomas 
E. Bartlett, heating engineer, has been added 
to the staff of the Oklahoma Natural Gas 
Corp., Tulsa, Okla., according to an an- 
nouncement made recently by President E. 
A. Olsen. 

A graduate of Dexel 

Institute, Philadelphia, ae 
in engineering in ~~ 
1923, Mr. Bartlett first 
went to the Virginia 
Public Service Co. in 
Alexandria and from 
there to the Florida 
Power Corp. at St. 
Petersburg. In 1929 he 
combined his duties 
with the Florida utility 
with those of the 
Georgia Power and 
Light, acting in the mT! 
capacity of sales super- T. FE. Bartlett 
visor, In 1930 he went 
to Natural Gas Properties, Inc., a subsidiary 
of Standard Oil Company of Calif. as man- 
ager of sales and a year later joined the 
Pacific Gas Heating Co., also in San Fran- 
cisco, and dealt particularly in central house 
heating plants. He left that company in July 
to join the Oklahoma Natural personnel. 


Personnel Changes in Commonwealth 
& Southern Corp. Announced 


B. C. Cobb has been named to the pres- 
idency of the Commonwealth and Southern 
Corp., New York City. T. W. Martin, for- 
merly president of the company, will retain 
his post as director of that company, and 
will manage affairs of the Alabama Power 
Co., a subsidiary, of Birmingham, Ala., as 
president. T. A. Kennedy, vice-president of 
the Consumers Power Co. also a Common- 
wealth & Southern subsidiary, has been 
elected to the post of president of his com- 
pary. Mr. Cobb, formerly president of Con- 
sumers Power, will serve as chairman of 
the board of direcotrs of that company, 
occupying also the post of president of Com- 
monwealth and Southern. In addition to 
Consumers Power and Alabama Power, 
Commonwealth & Southern Corp. controls 
properties in several states, among them the 
Illinois Power Co., Springfield, IIl., Cen- 
tral Illinois Light Co., Peoria, Ill., and Gas 


| Light Co. of Columbus, Columbus, Ga. 


Indiana Gas Distribution Corp. 
to Operate 100-Mile Columbia Line 


A new company has been formed, the 
Indiana Gas Distribution Corp., with head- 
quarters at Columbus, Ohio, to operate the 
newly completed pipe line owned by the 
Columbia Gas & Electric Co., from Rock- 
ville, to Muncie, Ind. The line is approxi- 
mately 100 miles long, of 20- and 18-inch 
pipe. C. C. Phillips, manager of transmis- 
sion for the Columbus Group of the parent 
company, has been appointed manager of 
the new corporation with offices at Columbus, 
and Paul G. Miller will represent the new 
company at Indianapolis, Ind. 


Merco Nordstrom-Walworth 
Patent Suits Concluded 


An announcement was made late in June 
of the termination of patent suits between 
the Merco Nordstrom Valve Co. and the 
Walworth Co., with arrangements entered 
into between the two companies for cross- 
licensing of patents. 
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How 10 hold (and increase) 


your heavy duty cooking load 


No. 3764 
Deep Fat Fryer 


HAT must you do to hold and increase your heavy duty 

cooking load? There is but one answer . . . to replace 
obsolete equipment with the latest gas cooking equipment that 
proves the superiority of gas as a cooking fuel. 


To interest prospects in these times you must show them 
that gas cuts cooking costs and improves service. Vulcan pro- 
vides you with some “brass tack” points that should interest 


any prospect: 


No. 3761 
Insulated Bake Oven 


1. Heat losses and gas con- 
sumption in oven cooking are re- 
duced by heavily insulated oven 
walls. 


2. Overheated ovens and re- 
sultant food shrinkage and waste 
of gas are prevented by oven 
heat control. 


3. Oven heat is used more 
effectively in baking and roast- 
ing by improved flue system. 


4. Top cooking is made more 
efficient by All-Hot-Top. Heat 
of one burner spreads under en- 
tire top. All rings of burner heat 
top quickly; then one ring keeps 
it hot economically. 


5. Labor costs are reduced 


because equipment requires less 
watching due to automatic con- 
trol . . . smooth front is kept 
clean with less work. More com- 
fortable working conditions in- 
crease efficiency of help. 


6. Insulated, heat controlled 
deep fat fryer cuts fat costs 25% 
or more, and assures better fried 


food. 


7. Insulated, heat controlled 
bake oven assures uniform re- 
sults every time with lower fuel 
consumption. 


8. Radiant broiler cuts fuel 
costs, speeds up service and gives 
a superior quality of broiled 


food. 


No. 3758 


Radiant Surface Broiler 


Assign one or more men to consistently check up every 
heavy duty cooking installation on your mains. You will find 
many opportunities to replace obsolete equipment and hold and 
increase your cooking load. 


Ask for copy of the new Vulcan catalog containing data 
on the most complete line of heavy duty cooking equipment 
ever offered. 


VULCAN 


VULCAN EQUIPMENT MAKES GAS THE MODERN 
EFFICIENCY FUEL—CLEAN, FAST, ECONOMICAL 


STANDARD GAS EQUIPMENT CORPORATION 
20 East 4Ist Street, New York City 
New York . Philadelphia . Baltimore . Chicago . Boston . Birmingham 


Pacific Coast Distributor: 
Northwest Gas & Electric Equipment Co., Portland, Oregon 


No. 4751 
All-Hot-Top Range 
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turn a Crank 


to change 
the Orifice 


What could be simpler? The 
improved Daniel Orifice Fit- 
ting has immediately stepped 
into first place. Nothing in it 
can “go haywire.” The plate 
can be changed in a minute 
or so. That’s speed! It meas- 
ures gas of any kind, air or 
steam, to the finest degree of 
accuracy. It offers the highest 
factor of safety. All opera- 
tions are accomplished with a 
single speed-wrench. Nothing 
can “blow loose.” And there’s 
not a leak in a boatload. Just 
make your own trial test—and 
note the difference. 


DANIEL 
ORIFICE 
FITTING 


“A Crank for convenience”’ 


Ask for Bulletin 


J. A. CAMPBELL CO. 


Manufacturers of Industrial 
Specialties 
P. O. Box 669 


Long Beach California 


Olympic Beacon Is a 
Natural Gas Flare 


HIS month’s cover of Western Gas 

features what is believed to be the first 
instance of natural gas use in an Olympic 
beacon—symbolic of the signal torch which 
called leading athletes from all parts of 
ancient Greece to the Games. 

At the entrance to Olympic Stadium in 
Los Angeles, where principal track and field 
events and the ceremonial Parade of Nations, 
are being held, a torch standing 45 feet above 
the peristyle has been erected, its tip 120 feet 
above the ground. And above the peri- 
style during dates of the Xth Olympiad there 
leaps a 12-foot natural gas flame, burn- 
ing continuously through the contests. 

Los Angeles Gas and Electric Corp.’s gas 
distribution and industrial departments de- 
signed the Olympic Beacon installation, and 
connected it to the city distribution system. 
A high pressure main was laid for approxi- 
mately a half mile, from which was run 
1500 feet of 3-inch high pressure service 
main. A 2-inch riser leads up the tower to 
a set of five L. A. G. and E. industrial gas 
burners, of a type used in converting indus- 
trial boilers to natural gas. 

All primary air has been cut off from the 
beacon burners, to make the flame entirely 
luminous. The beacon burns 3600 cubic 
feet per hour at 4 pounds gauge pressure. 

As the tenth of a series of salutes sounded 
to formally open the Xth Olympiad, Sat- 
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The Olympic beacon burns 3,600 cubic 
feet of gas per hour at 4 pounds gauge 
pressure. 


urday afternoon, July 30, a valve was 
turned at the foot of the peristyle, the torch 
lit by an operator within the tower, and 
natural gas began its 18-day job of tell- 
ing the world that another Olympic com- 
petition is in progress. 


Gas Service Co. House Heating Campaign 


AS Service Co., Kansas City, Mo., 
began an intensive house heating cam- 
paign on June 27, to continue for two 
months, under the direction of F. M. Rosen- 
krans, new business manager. The range 
campaign, inaugurated recently, came to a 
successful close on July 16, with 1,079 ranges 
sold in the two and one-half months period. 
Ranges were sold to approximately 140 new 
customers, using gas for the first time. 
In the house heating campaign now getting 
under way, radiant type heaters, large 


enclosed spice heaters, conversion burners 


and gas fired furnaces and boilers are being 
emphasized. Water heaters and inciner- 
ators have also been included. Company 
salesmen are competing on a unit system 
basis, with unit values for each piece of 


equipment, as follows: Conversion burner, 
5 units; gas fired furnace, 10 units; gas 
fired boiler, 20 units; circulating heaters 
over $45, 244 units; circulating heaters un- 
der $45, 2 units; unit heater, 12 units; 
radiant heater, $25 or more, 1 unit; radiant 
heater, less than $25, % unit; storage water 
heater (20 to 30 gallons), 3 units; storage 
water heater (40 gallons), 4 units; inciner- 
ator, 2 units. 

New business managers have assigned 
quotas of 40 units to each territory repre- 
sentative for the 2-month period, and the 
same system of employee cooperation is 
being worked out as was used for the range 
campaign just closed. The house heating and 
range campaigns were both in progress dur- 
ing a 20-day period. 


Walter B. Cline, Chairman of the 
Board of L. A. G. and E., Passes 


ALTER B. CLINE, chairman of the 

board of directors of the Los Angeles 
Gas and Electric Corp., Los Angeles, Calif., 
died on July 21 from a heart attack at his 
home in Beverly Hills. He had been ill 
about 10 days. 

Mr. Cline was 69 years of age, and a 
native son of California. With C. QO. G. 
Miller, he organized the Pacific Lighting Co. 
for the rental of gas lighting fixtures and 
appliances. Later the partners decided to 
enter the gas manufacturing business in San 
Francisco. In 1889 Mr. Cline negotiated for 
the purchase by Pacific Lighting Co. of the 
Los Angeles Gas Co., changing its name to 
the Los Angeles Lighting Co. and becoming 
its president. Subsequently this company 
acquired the Los Angeles Lighting Co. and 
the two companies were merged, forming the 
Los Angeles Gas and Electric Co., with Mr. 


Cline at its head as president. About five 
years later the company’s name and corporate 
structure were changed to its present form, 
Mr. Cline remaining as president until 1924, 
when he retired from active direction and 
assumed the post of chairman of the board, 
which he held until the time of his death. 


Mr. Cline was active in the affairs of the 
Pacific Coast Gas Association, the Americar 
Gas Association, the National Electric Light 
Association and the Pacific Coast Electric 
Association. He was president of the Pacific 
Coast Gas Association for the 1910 period. 


Fulton, Mo., to Get Natural Gas 


Fulton, Mo., will have natural gas served 
from the Panhandle-Eastern Pipe Line Co.’s 
main carrier. The city will operate the gas 
distribution system, bonds to the amount of 
$80,000 having been voted to construct the 
plant and system. 
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ROPER 


scoops the industry 


~ CUSTOM 


PAS RANGES! 


And at practical prices! 


Just what gas companies have needed to 
whip up gas range sales—the Custom 
Gas Range, in any colors and trim that 
the prospective buyer wants. 


Now you can offer each prospect a 
really individual range—finished to har- 
monize with her kitchen or to carry out 
her ideas of beauty. 


Here, at last, is a new idea to make em- 
ployees enthusiastic—to give your floor 
and windews new life and greater mer- 
chandising value—a new sales tool, to 
start tight pocketbooks opening up. 


Be one of the first to tie up with the 
most sensational and soundest gas range 
selling idea in years. Offer Roper Cus- 
tom Gas Ranges to your prospects. 
They’re practical—and practical in price. 
They’re your “best bet” for 1932. 


WRITE OR WIRE FOR DETAILS TODAY! 


Geo, DD. ROPER CORPORATION 
Rockford, Illinois 


SPINE od 


PEST ERI 2 a oR SY 
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GAS HEATING 
CAMPAIGNS WITH A 
PUNCH 


You are entitled to 100% manu- 
facturer cooperation in your sales 
efforts to build gas heating load 
with complete consumer satisfac- 
tion. We will gladly help you 
campaign your territory so that 
we may both profit. 


PAYNE FURNACE & SUPPLY CO. 


Since 1914 
Beverly Hills, Calif. 


“Antileke” 
The hypo-sealed 


pipe joint saves 
20% to 50% in 
laying cast iron or 
steel pipe and re- 
pairing any ordinary 
or difficult gas leaks. 
Thousands in use 
without a single 
failure. 


GAS & ELECTRIC FACILITIES, LTD. 
447 Sutter St., San Francisco 


Send literature and prices on “Antileke" 


A Pioneer Passes 


LFRED H. HUMPHREY, president and 

founder of the General Gas Light Co., 

died on July 8 at La Jolla, Calif., fol- 
lowing a lengthy illness. In his passing the 
gas industry has lost a pioneer and a con- 
structive leader; to the older generation of 
gas men particularly, his demise will bring 
a pang of regret. 

Information supplied Western Gas by C. B. 
Babcock, Pacific Coast manager of the Gen- 
eral Gas Light Co., enables us to offer the 
following commentary and review of this 
notable career: 

Quick to sense the needs of the gas indus- 
try, Alfred H. Humphrey boldly ventured 
into undeveloped fields, turned his knowledge 
of metals, combustion, mechanics and ceramics, 
his natural craftsmanship and inventive abil- 
ity into the creation of original gas appliances 
which proved of vital aid to the industry at 
times when they were most needed. His high 
ideals, and a deep and abiding faith in the 
gas industry won him a high place in the 
confidence and respect of the industry’s 
leaders. 

Mr. Humphrey was born in England in 
the year 1858. At the age of 14 he was ap- 
prenticed to a machinist and blacksmith. 

In 1874 he emigrated to Canada, setting 
up a home with his family in Toronto, On- 
tario. Several years later he moved to 
Hamilton, Ontario, where he was employed 
in a machine shop. In the year 1886 he 
moved to Ypsilanti, Michigan, where he es- 
tablished a machine shop, which he operated 
until 1890, when he moved to Kalamazoo, 
Michigan. 

About this time he invented and perfected 
a beer pump and a fire engine hand pump, 
which were used quite extensively through- 
out Michigan. 

In those years photographs were all hand 
ironed, which gave them a high polish. Mr. 
Humphrey invented and perfected a roller, 
heated by a gasoline Bunsen burner, original 
in construction and unique in application, as 
it was necessary to promote combustion on 
the inside of the rollers. 

With the use of this patented roller the 
work of photographers was simplified, and 
made possible either a glazed or dull finish. 

From the proceeds of this patent Mr. 
Humphrey organized the Humphrey Co., 
built a factory in 1893, and invented the 
Humphrey instantaneous water heater. 

In 1901 Mr. Humphrey withdrew from the 
Humphrey Co. and organized the General 
Gas Light Co., which proceeded to develop 
his invention, the Humphrey Upright Gas 
Arc Lamp, which was the first gas arc lamp 
made in the world. 

Prior to his invention the only method of 
gas lighting was by means of the open flame 
gas burner, or the single mantle upright lamp. 

The lighting business was further strength- 
ened and developed by his invention of the 
upright outdoor arc lamp and factory lamp, 
which made possible successful factory and 
outdoor gas lighting. It was wind and rain 
proof. 

In 1907, after long study and _ successful 
experimental work, he patented and intro- 
duced the first inverted gas arc lamp made, 
embodying an altogether new principle of 
application of gas to a lighting fixture. 

Mr. Humphrey developed a method of dis- 
tance control of arc lamps which made pos- 
sible the turning on and off of lamps at a 
distance, facilitating the lighting of large 
areas. 

In 1906 Mr. Humphrey organized the Gen- 
eral Gas Mantle Co., which was located at 
Camden, New Jersey. This company pro- 
duced the Humphrey gas mantle. 
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Alfred H. Humphrey 


In the years prior to 1904, all porcelain 
enamel was produced in Austria or Germany. 
Mr. Humphrey organized the Michigan 
Enamel Works, at Kalamazoo, Michigan, 
which turned out the first commercial por- 
celain enamel made in this country. 


As the days of successful competition with 
electric lighting began to wane, Mr. Hum- 
phrey foresaw the time fast approaching 
when gas heating must come into its own and 
turned his inventive genius in this direction. 
In 1916, the Humphrey Radiantfire was in- 
vented, perfected and introduced to the Am- 
erican market. It rapidly gained a wide 
acceptance, and rendered important service in 
making the gas industry heat conscious. 


Original in his designs and inventions, in 
1928 he again introduced a reolutionary idea 
of gas heating in the Humphrey’ Unit Heater. 


The General Gas Light Co., now carried 
on under the able leadership of his sons, is 
a fitting memorial to his years of achievement. 


He is survived by three sons and one 
daughter. Hubert and George of Kalamazoo, 
Michigan; Harold of New York City, and 
Mrs. William Jackson of La Jolla, Calif. 


Line to Austin, Minn., Getting 
Under Way; K. C. Firm Has Contract 


Contract has been awarded by the Min- 
nesota Northern Natural Gas Co., Omaha, 
to J. F. Pritchard & Co., Kansas City, Mo., 
for construction of ar 8-inch line to Austin, 
Minn., from a point on the main line north- 
west of Albert Lea, a distance of approxi- 
mately 23 miles. The line will extend 
southwest, to a point northeast of Albert 
Lea, where the highway joins Highway No. 
1, and then will follow the new highway 
No. 9 route. It is planned that Austin 
will have natural gas by September 1. Fred 
Jacobs will superintend construction for the 
Pritchard company. Minnesota Northern 
Natural is a subsidiary of the Northern Gas 
and Pipe Line Co., which is in turn a sub- 
sidiary of the Northern Natural Gas Co. 


Tetens Replaces Williams at 
Gorham, Texas, for Empire Southern 


Ernest Tetens, formerly at Brady, Texas, 
has replaced M. G. Williams, resigned, as 
local manager of the Empire Southern Gas 
Co. at Gorham, Texas. 
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Smelter at Selby Changed Over 
to Natural Gas in July 


Change-over of equipment from oil to 
natural gas has just been completed at the 
smelter of the American Smelting and Re- 
fining Co., Selby, Calif., by the Coast Indus- 
trial Gas Co., subsidiary of Coast Counties 
Gas & Electric Co., Santa Cruz, Calif. 

Service to the plant is through a 6-inch 
and 4-inch line running from Crocket to 
Tormey. Change-over of equipment, instal- 
lation of the necessary distribution system on 
the plant properties, etc., has been carried on 
under the direction of K. B. Anderson, man- 
ager of Coast Industrial. 

Under the new set-up, natural gas will be 
used in all of the metallurgical operations at 
the smelter, which include the smelting and 
refining of lead, silver, gold and antimony, 
as well as the manufacture of sheet lead, 
lead shot and lead alloys. The plant oper- 
ates practically the full 12 months of the 
year, employing a crew of approximately 200 
men. Gas consumption is estimated to be in 
the neighborhood of 240,000,000 cubic feet 
per year. 

Natural gas is also now used at the East 
Helena, Murray, Garfield, Durango, El Paso, 
Omaha, Federal and Amarillo plants of the 
company. 


Stover Directing Operations at 
Rochester for Minnesota No. Natural 


J. S. Stover has’ been named to direct 
operations for the Minnesota Northern Nat- 
ural Gas Co. in Rochester, Minn., where 
the company was recently granted a 15- 
year natural gas franchise. Herman J. 
Briese, distribution superintendent for the 
Interstate Power Co., now serving manu- 
factured gas there, will be plant superin- 
tendent for Minnesota Northern Natural, a 
subsidiary of Northern Gas and Pipe Line 
Co., Omaha. It is reported that the dis- 
tribution system of Interstate Power Co. will 
be used by the Minnesota Northern Natural. 


Line to Moline, Rock Island 
and Davenport is Authorized 


Permission has been granted by the Rock 
Island County board of supervisors for con- 
struction of a natural gas transmission line 
from the main line of the Natural Gas Pipe 
Line Co. of America to Moline, and Rock 
Island, Ill. The line will also serve Dav- 
enport, Iowa. Peoples Power Co., serving 
Rock Island and Moline and Peoples Light 
Co., an afhliated company, serving Daven- 
port, will construct and operate the line. 
Change-over from manufactured to straight 
natural gas will get under way shortly. 


Blanchard Resigns Post with Doherty 
Companies; McEldowney Appointed 


Announcement was made in July of the 
resignation of Frank LeRoy Blanchard as 
director of the advertising and news depart- 
ment of Henry L. Doherty & Co., and the 
Cities Service Co., New York. Mr. Blanchard 
has occupied the post for the past 10 years. 
Elliott McEldowney, assistant to Mr. Blan- 
chard for the past seven years, has been ap- 
pointed to fill the position. 


Packer on Pacific Coast for 
P. C. G. A. Annual Convention 


Frank C. Packer, sales manager for the 
Welsbach Ca., is on the Pacific Coast for an 
extended stay, during which he will attend 
the annual Convention of the Pacific Coast 
Gas Association to be held at Del Monte, 
Calif., August 24-26, where he will renew 
contact with his many friends in the industrv. 
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A Hundred Pounds 


REDUCED 
63 to Two Ounces 


OR the sake of prudence, rarely would so high a pressure 

be carried in a gas line up to the point of distribution. It 

is not here advocated. But the Fulton Low-Pressure Regu- 
lator would do its part, so far as that is concerned. More fre- 
quently, the pressure on the intake is one to fifty pounds and at 
the outlet a few ounces as required for safe and efficient use. 
Such reduction the C-F Regulator accomplishes exactly and 
surely. It is so balanced as to be unaffected by changes of pres- 
sure on the inlet side. It is easy to install, never sticks, reduces 
friction to a minimum and gives unfailing satisfaction. 


C-F appliances are available for all requirements of gas con- 
trol, at all pressures. They have been recognized by the in- 
dustry as the best of their respective kinds, for over forty years. 
Catalogs on request. 


The Chaplin-Fulton Manufacturing Company 


28-40 PENN. AVE. PITTSBURGH, PA. 
REPRESENTATIVES 


Westcott & Greis, Inc.: Dallas-Tulsa 
Jno. W. Crawford, Sales Engineer: Los Angeles 
Parsons Engineering Co.: Los Angeles-San Francisco 


FULION Low-Pressure 
REGULATORS 


if you would keep in touch with the Natural Gas and 
Butane industries, send a check for $2.00 to 


WESTERN GAS 
124 West Fourth Street, Los Angeles 
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Subscription Rates: I Year $2.00; 3 years $5.00; Foreign $3.00 per year. 
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the “Blue Book” 
PERSONNEL 
DIRECTORY 
of the 

Gas Industry 

-~is Now Ready! 


(Fourth Edition) 


The only directory giving the 
personnel of gas utility dis- 
trict offices as well as head- 
quarter companies, arranged 
by states and divided as to 
distributing companies, pipe 
line companies, producing 
companies and holding com- 
panies. Each distributing 
company lists the kind of gas 
served—pressure—B.t.u. con- 
tent—number of meters and 
approximate population—and 
whether or not each company 
merchandises. 


Correct as of May 15, 1932, 
it is the most complete and 
up-to-date directory availa- 
ble for the 22 western states, 
Alabama, Mississippi and 
Georgia. 


Published in convenient 
Pocket Size! 


1-10 copies $2.50 ea. 
10-20 copies $2.00 ea. 
20 or more $1.50 ea. 


MAIL COUPON TODAY! 


WESTERN GAS, “Publishers”, 


124 West 4th Street, 
Los Angeles, California. 


SGA ee TS Rae 


| 
ecked 


and Double 


Checked 


Please send me................ copies of the “Blue 
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Dees a0 Oe per copy, 
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Southern Gas Assn. Meets at Washington, D. C. in 1933 


ASHINGTON, D. C., has _ been 
selected by the Time and Place Com- 
mittee as the site for the 1933 convention of 
the Southern Gas Association. The meeting 
will be held in the Spring of 1933, the exact 
date to be determined later by the Executive 
Committee of the Association. 
At a recent Executrve Committee meeting, 
committee chairmen to serve for the Asso- 
ciation year were named, as follows: 


Accounting Section—Wm. H. Kennedy, 
Birmingham Gas Co., Birmingham, Ala. 


Commercial Section and Regional Sales 
Conference—C. E. Dougherty, Chattanooga 
Gas Co., Chattanooga, Tenn. 


Gas Meter Lecture Course—B. H. Elliott, 
Birmingham Gas Company, Birmingham, 
Ala. 
Industrial Section—Louis Hungate, Mem- 
phis Power and Light Co., Memphis, Tenn. 
Membership Committee—W. J. O’Brien, 
Memphis Power and Light Co., Memphis, 


Tenn. 
Public Relations Sections—A. J. Goss, 


Chattanooga Gas Co., Chattanooga, Tenn. 


Publicity and Advertising Section—Paul 
Renshaw, Memphis Power and Light Co., 
Memphis, Tenn. 


Technical Section—B. B. Ferguson, Ports- 
mouth Gas Company, Portsmouth, Va. 

Rate Research Committee—H. E. Meade, 
New Orleans Public Service, Inc., New Or- 
leans, La, 


Revision of Constitution and By-Laws—E. 
D. Brewer, Ruud Manufacturing Co., At- 
lanta, Ga. 


Entertainment Committee—M. L. Sperry, 
Washington Gas Light Co., Washington, 
D. £4 


The appointment of a new committee— 
on Trade Relations has been taken under 
advisement by the president, chairmanship 
of that committee to be announced later. 
This new committee was recommended by 
the retiring president, E. N. Avegno, of New 
Orleans Public Service Inc., in his annual 
address; and unanimously approved by the 
Executive committee. 


Adam-Hill Co. to Sell 


Schifferle Gas Burners 


The Adam-Hili Co., of San Francisco, 
Calif., announces that it has taken over the 
sales and distribution of the Schifferle gas 
burner for boilers and furnaces designed for 
burning all types of gases, with special 
stress on the high B.t.u. gases, including 
natural, propane and butane. The Schifferle 
burner has the following features: 


1. It is not a fixed unit. 


2. The burner is adjusted to burn vol- 
umes of gas ranging from a few cubic feet 
to several thousand cubic feet per hour. It 
will operate at pressures of a few ounces 
gauge to pressures of 100 pounds gauge or 
more, 

3. Flame volume, intensity and direction 
are under the control of the engineer. 


The Schifferle burner can be installed in 
the underdraft door, the charging door or 
the floor of the boiler or furnace to meet the 
ideas of the engineer in charge. The burner 
was designed to meet the need for a device 
which would entrain sufficient air to support 
combustion by establishing a rate of gas flow 
with a velocity far in excess of the rate of 
flame propagation. This was accomplished 
by controlled impingement which allows the 
coming together at a point of focus of two 
or more streams of high velocity gas with 
their respective quota of entrained air. The 
turbulence thus established promotes an inti- 
mate mixture and a resultant flow that is 
less than the rate of flame propagation, in- 
suring constant ignition. 


P. G. and E. Veterans Awarded 


Service Badges at Luncheon 


Thirty-two veteran employees of the Pacific 
Gas and Electric Co. gathered at the Clift 
Hotel San Francisco, Calif., on Friday, July 
15, as luncheon guests of the company and 
were presented with badges representing 
from 15 to 30 years of service. These em- 
ployees constitute the veterans’ group out of 
the 133 General Office employees who are 
receiving service medals, the others having 
from five to 10 years’ service. 


Badges, awarded by the company in recog- 
nition of long time service, are now held by 
more than 68 per cent of all employees. 
Twenty-two employees have been with the 
company for 40 years, 23 for 35 years, and 65 
for 30 years. Including all divisions of the 
company, 610 service badges were issued in 
mid-year. 


Automatic Products Co. 
Enters Control Field 


UTOMATIC Products Co., Milwaukee, 
Wis., announces its entry into the gas 
control equipment manufacturing business. 
R. W. Johnson, formerly vice-president in 
charge of production for the Time-O-Stat 


Model 75 Motor Gas Valve 


Controls Co. is president, A. E. Peterson, 
formerly in charge of sales for the Time-O- 
Stat company has been placed._in charge of 
sales for Automatic Products. The company 
has appointed the Preferred Utilities Manu- 
facturing Cerp. of New York City as dis- 
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tributor for the 
New England states, 
eastern Pennsylvan- 
ia and eastern New 
York, and R.-O 
Distributors, _Inc., 
Buffalo, N. Y. as 
distributor for 
western New York 
and Pennsylvania. 


Illustrated here 
are the company’s 
Model 75 motor gas 
valve and the Mod- 
el 80 room thermos- 
tat. 


Model 75 gas 
valve is equipped 
with an_ external 
arm to control sec- 
ondary air dampers, 
and is also used as 
a manual control 
lever. By moving 
the lever the valve can be opened, and by 
pressing a small pin in the side of the case, 
can be kept open in the event of the absence 
of power. When power returns thermostatic 
control is again established and the valve 
takes the position called for by the thermo- 
stat. As the valve opens, the air damper 
control arm drops down. 

Model 80 room thermostat has a base of 
moulded bakelite, to which all operating 
parts are mounted. The cover is of drawn 
brass and is removable, and an alloy has 


Model 80 
Room Thermostat 


been adopted for all contact points. All . 


metal parts are plated to protect them from 
corrosion. The device employs a magnetic 
snap action principle and may be used on 
any equipment requiring constant power to 
operate. 


These thermostats are factory set to oper- 
ate with a total variation of 2° F. When the 
indicator is set at “Normal” the thermostat 
controls the temperature at from 69° to 71°. 
The device has a standard range of 55° to 
85°, and can be supplied with other ranges 
for special applications. 


More Industrial Load Added 
To No. Gas & P. L. Co. Lines 


Five new contracts involving daily con- 
sumption of more than 2,500,000 cubic feet 
of gas have been signed with the Northern 
Gas and Pipe Line Co., Omaha, Neb., with- 
in the past month, according to F. H. 
Brooks, president of the company. 


Contracts are with the Lehigh Portland 
Cement Co., Mason City, Iowa; Morrell 
Packing Co., Sioux Falls, S. D.; Hormel 
Packing Plant, Austin, Minn.; Big Sioux 
Packing Plant, Sioux City, Iowa.; and the 
municipal power plant at Fairbury, Neb. 


In addition to this, a contract has been 
signed with the Hurd Creamery Co., Coun- 
cil Blutts, Iowa, whose annual consumption 
will be approximately 80 million cubic feet. 


United Gas Public Service Co. 
Will Operate Mississippi Industrial 


Mississippi Industrial Gas Co., Jackson, 
Miss., has been taken over by the United Gas 
Public Service Co. and will hereafter be 
known by that name. The transfer of 
properties includes the distribution systems 
and other property in Brookhaven, Crystal 
Springs, Hazelhurst, McComb, Magnolia, 
Summitt and Terry. Headquarters for the 
United Gas Public Service Co. are in Hous- 
ton, Texas. 
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Perc is the Complete Story of 
the West's Newest, Finest, Heavy 
Duty Gas Range... MADSEN 


Cts IS INE 
Series 34 


Somme fee i... 
Hot Top, Griddle Top, 


Open Top, Extensions, 
Salamanders all are pic- 
tured and fully described 
in this booklet. Flush 
Front, Insulation, Oven 
Control, Economy, 


Kitchen Comfort are cov- 
ered in detail. Write to- 
day for your copy. 


MADSEN IRON WORKS, LTD. 


P. O. Box 601, Huntington Park, California (Suburb of Los Angeles) 
San Francisco Factory Representative: Fred R. Sanford, 837 Howard St. 
Madsen Hotel and Restaurant Kitchen Equipment 
Sold by Leading Equipment Dealers 


Low Prices alone mean little 
but Low Prices and High 


Quality mean everything. 
You can make money with 


HOFFMAN. 


Details on request. 


THE HOFFMAN HEATER 
COMPANY 


170! Dixie Highway 
Louisville, Kentucky 
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Ask For Folder 


BYRON JACKSON CO. 


P. O. Box 1307, Arcade Station 
LOS ANGELES, CALIF. 
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i THE 
| GOODMAN 
STOPPER 


WHEN LOCKED IN PLACE IT HOLDS 


H DEPENDABLE GAS 
i MAIN BAGS 


os 


| GOODMAN CYLINDRICAL 
|” STOPPER FOR INTER- 
MEDIATE PRESSURE 


sec 


Increased Length for Increased 
Pressure 


| THE GARDNER-GOODMAN 
| STOPPER 


Patented 


Sizes 2” - 20” 
A new stopper for low and interme- 
diate pressures. 

For use on cast iron or steel, over- 
size or undersize mains. 

Easily inserted in top, bottom or 
side of main, in open excavation or 
under pavements. 

For pressure work, use two or more 


Stoppers in parallel. 
SHIPMENTS FROM STOCK 


SAFETY GAS MAIN 
STOPPER COMPANY 


523 Atlantic Avenue 
BROOKLYN, N. Y. 
Pac. Coast Rep.: C. B. Babcock Co. 
135 Bluxome Street, San Francisco 

California 


_—— 


| 
/ 
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Interior view of the Fraser plant, showing one of the presses in the foreground. The 
machine on the left, with the attendant, is the electric seam welder, which operates 
at a speed of about 12 feet per minute. 


Fraser Furnace Co. in New Quarters 


HE Fraser Furnace Co., of Stockton, 


Calif., for 10 years the manufacturer of © 


a well-known line of gas floor furnaces, base- 
ment furnaces and console heaters, has re- 
cently made a material contribution to West- 
ern industrial growth by the opening of its 
newly constructed plant. 

With a considerably increased capacity, 
the new Fraser plant is equipped to supply 
its west coast market and at the present time, 
merchandising plans are being laid to extend 
distribution further into the Eastern terri- 
tory. 

This company, formerly known as the F. P. 
Sexton Co., was purchased in 1922 by R. E. 
Fraser, and furnace manufacture was then 
begun. The first new factory was built in 
1925, when the Fraser products were mer- 
chandised in the principal cities of Northern 
California, and in 1928, it was found neces- 
sary to establish a second building as an as- 
sembly plant. This building is now used for 
general office headquarters, and under the 
roof of the new factory are housed the manu- 
facturing and assembly plants. 


Incorporated into the new plant are the 
latest types of presses and electric welding 
equipment. Enameling and finishing are per- 
formed with gas-fired ovens. One of the 
most interesting pieces of equipment is the 
electric seam welder, with temperature and 
time control, and a speed of 12 feet per min- 
ute. Other modern equipment includes 10- 
foot power shears, three large presses of 
which the largest is 150 tons, and a gang 
drill. 

The plant was designed and equipped 
with a view to a carefully planned system 
of unit manufacture. Under this method of 
production, the former plan of building 
each furnace up from the ground has been 
discarded, and tubes, fireboxes and other 
parts are all made in entirely distinct opera- 
tions, the complete furnace finally being 
assembled at one central point. 

As a result of the new factory equipment 
practically all handwork operations have 
been eliminated on the Fraser furnace; all 
forming operations are accomplished with 
dies. 

The Fraser Furnace Co. is represented in 


San Francisco and Los Angeles by the H. R. 
Basford Co., distributor for this company’s 
products. 


Gas Appliance Society to Hold 
Meeting on August 16 


More than 500 appliance deale:s, manu- 
facturers and their representatives are ex- 
pected to uttend the semi-annual “get-to- 
gether” dinner to be held by the Gas appli- 
ance Society of California on Tuesday eve- 
ning, August 16, as a feature of the Fall Fur- 
niture Market to be held in San Francisco 
August 15 to 20. According to H. M. Craw- 
ford, state secretary of the Gas Appliance 
Society, a real business. development pro- 
gram is being planned for the evening and 
it is expected that many ideas will be ad- 
vanced which can be turned into profits by 
the dealers. An outline of the Gas Appli- 
ance Society’s advertising campaign plans for 
the balance of 1932 will be given, as well as 
reports on the promotional gas advertising 
campaign and other events sponsored by the 
society during the spring and summer months. 


Natural Gas Utility Co. of Illinois 
Asks Permit to Operate Line 


Natural Gas Utility Co. of Illinois is re- 
ported to have applied for a certificate to 
construct and operate natural gas pipe lines 
in Morgan, Scott and Greene counties with 
laterals to several communities en route. 
Hearing before the State Commerce Commis- 
sion will be held September 7. 


San Luis Valley Towns Scheduled 
for Natural Gas Service 


Jim Pilcher of Alamosa, Colo., plans to 
ask natural gas franchises in Alamosa, Monte 
Vista, Antonito Del Norte Center, Sagauche, 
San Luis, and other towns in the San Luis 
Valley of Colorado. It is reported that Mr. 
Pilcher and associates recently brought in a 
gas well in the district and plan an active 
drilling campaign to assure an adequate 
supply for these towns. 
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Go-Get-'Em Pelican Club is 


Moore Bros. Sales Organization 


Moore Bros. Co., Joliet, Ill., manufac- 
turer of gas ranges, announces publication 
of Vol. 1, No. 1 of its “Pelican Club News”, 
oficial organ of the “Go-Get-’Em Pelican 
Club”, a company “pep” organization for 
the company and its clients. The 
constitution and by-laws of the club, as set 
forth in the publication are the following: 

“For years the pelicans of Santa Monica 
Bay had been fed by fishermen from sur- 
plus catch, until they got into the habit of 
eating without work. 

“This year high seas and changing cur- 
rents off Santa Monica cut down the catch, 
and the fishermen no longer had any fish 
to spare. They noticed that the pelicans 
languished and grew thin, and it dawned 
on them that they had forgotten how to 
fish for themselves. So they went down the 
coast and found some unpampered pelicans 
who had never been ruined by easy living 
and free fish. They turned them loose 
among the starving birds, who sat about on 
the beach and complained of the depression. 

“The way those imported pelicans went out 
after their own fish was an_ eye-opener. 
Pretty soon the hungry natives quit watching 
and tried it themselves. They discovered 
there were plenty of fish in the sea for the 
bird with energy and enterprise. And they 
have quit talking about the depression.” 

“Pelican Club News” contains new sales 
ideas, cartoons, and wise sayings, with “Go- 
Get-’Em” as the slogan. A one-half page 
advertisement describing the Moore line of 
gas ranges, including the Vanity and Re- 
versible models, is shown on the last page 
of the 4-page newspaper. 


Community Natural's New Gas 
Rate Not Yet in Effect 


The Comraunity Natural Gas Co., Dallas, 
Texas, filed a motion July 9 asking that 
the District Court dissolve an injunction 
granted the Texas Railroad Commission 
June 25, restraining the company from re- 
vising its rates in 90 Texas towns of less 
than 500 population. The Railroad Com- 
mission obtained the temporary injunction 
to prevent a proposed new sliding scale rate 
from going into effect. Judge J. D. Moore 
set a hearing for August 1 on the com- 
pany’s motion to dissolve the injunction. 

The proposed rate schedule, which was 
to have gone into effect on gas consumed 
June 25, was to provide a $1.50 minimum 
bill, no service charge and a sliding scale 
on gas used, down to 45 cents if the con- 
sumer should be burning 25,000 cubic feet. 

In asking permission to put the new rate 
into effect, the company submitted a financial 
statement of total plant investment of $1,- 
025,461.31 in the 90 towns affected by the 
injunction, and showed a loss on invest- 
ment except in 19 of them. 


Norman W. Foy Named Chicago 
District Sales Manager for Republic 


Norman W. Foy has been appointed Chi- 
cago district sales manager of Republic Steel 
Corp., according to an announcement made 
this week by N. J. Clarke, vice-president in 
charge of sales. 

Mr. Foy became associated with the old 
Republic Iron and Steel Co. as a salesman in 
1919. He was subsequently manager of the 
company’s Buffalo, Boston and Birmingham 
offices, being made assistant western manager 
of sales shortly after the formation of the 
present Republic Corp. 

Mr. Foy will continue to make his head- 
quarters at Republic’s district sales offices in 
the McCormick Building, Chicago. 
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THE SCHIFFERLE BURNER 


A DIFFERENT NATURAL GAS BURNER 


Any Shape of Flame 


Flame may be adjusted to fit any size or shape of 
fire box. Point of ignition flame touches no part 
of burner. 

It is not necessary to use a refractory above the 
burner. A Schifferle feature. 

Quickly installed in any boiler or furnace. 

No moving parts. Nothing to get out of order. 
Nothing to wear out. 

Simple connections. No costly installation charges. 

Pilot stays lit. Cannot “blow back”, “puff” or “‘pop”’. 

Air damper is adjustable and affords complete combustion. 

Full automatic or manual control. 

Adjustable nozzles make controlled impingement possible, and controls shape 
of flame. 

Preheating Manifold increases efficiency. 

Compact Unit. Easy to install in any type of boiler or furnace. 

Will operate efficiently at any gas pressure. 

Combustion complete without secondary air. 

Write for prices and complete information. 


Sole Distributors: 


THE ADAM-HILL COMPANY 


244 9th St., San Francisco, Calif. 


Controlled Impingement 


Reynolds Products— 


Products for all kinds of Pressure Reductio.—for either 
artifiicial or natural gas. 


GOVERNORS—Intermediate Pressure, Triple Outlet, 
Holder, Toggle Type Street. 


REGULATORS—High Pressure Service, Low Pressure 
Service, High Pressure Line, Single and Double District 
Station. 


VALVE—Automatic, Quick-Closing Anti-Vacuum, Relief, 
Cut-off, 


Reynolds Gas Regulator Co. 
Anderson, Indiana 


422 Dwight pena gy wee City, Missouri 
Second Unit Santa Building—Dallas, Texas 


FORNEY 


COMBINATION GAS and OIL BURNERS 


For Power Plant and Industrial Uses 


Write for Literature 
and List of Installations 


FORNEY COMBUSTION ENGINEERING CO. 
513 CENTRAL BANK BUILDING, DALLAS, TEXAS 
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H. L. Mann to Manage Texas Gas 
Utilities; Tucker Goes to W. Va. 


H. L. Mann has been named to succeed 
D. H. Tucker as general manager for the 
Texas Gas Utilities Co., Del Rio, Texas. 
Mr. Tucker has been transferred to Charles- 


ton, W. Va. ‘The company is a subsidiary 
of the Appalachian Gas Corp. Mr, Mann 
has been acting in the capacity of new 


business manager for the latter company in 
Charleston. 


Detroit-Michigan Stove Co. 
Gets Government Contract 


Detroit-Michigan Stove Co., Garland Di- 
vision, of Detroit, Mich., has a contract with 
the government to supply 785 domestic gas 
ranges to be installed in various army posts 
throughout the United States. 


So. Calif. Gas Co. Reconditioning 
32 Miles of Transmission Line 


Operations began on July 11 by the South- 
ern California Gas Co., Los Angeles, for 
reconditioning 32 miles of gas transmission 
line from Taft, Calif., to the Grapevine. 
Cost of the work is estimated at $125,000. 
The line is being taken up, welded and 
wrapped with protective coating, and relaid. 


Campaign to Speed Up Gas Range 
Sales by Miss. Power & Light Co. 


Mississippi Power & Light Co., Jackson, 
Miss., recently inaugurated a campaign for 
the sale of gas ranges, under the direction of 
R. C. Anderson, merchandise manager for 
the company. 


Producer gas and blue gas apparatus. 


40 Rector St. 


The Semet-Solvay Engineering Corporation 
invites your inquiries for 


Equipment for the manufacture, cleaning and handling of gas. 
Equipment for the recovery and treatment of coal by-products. 
Welded steel products, piping and valves. 


Engineering service, investigations and reports. 


Semet-Solvay Engineering Corporation 


New York, N. Y. 


< TRADE Ly 


Use Fisher 
Gas Pressure 
Regulators for 
All Gas Service 


Butane, Propane, 
Natural and 
Artificial Gas 

and for 
All Pressure 
Conditions 
e 


FISHER 
GOVERNOR CO. 


[: AST iron is 


the one ferrous metal 
for water and gas 
mains and for sewer 
construction that. will 
not disintegrate from 
rust. This character- 
istic makes cast iron 
pipe the most practica- 
ble for underground 
mains since rust will 
not destroy it. For 
further information 
write to The Cast Iron 
Pipe Research Associa- 
tion, Thomas F. 
Wolfe, Research En- 
gineer, 309 Peoples 
Gas Bldg., Chicago, Ill. 


PY case QJ mow ) 


Registered Trademark 


WESTERN GAS 


Classified 
Advertising 


Classified advertising five cents per 
word; minimum $2.00 per insertion. 
Situation Wanted advertisements up 
to 50 words will be published three 
consecutive issues without charge. 
Small professional cards 1-in. deep by 
21 ems wide are $5.00 monthly on 12- 
time contract. 


SITUATIONS WANTED—MALE 


Gas appliance and warm air heating en- 
gineer now employed in the East wants to 
locate in the Pacific Coast or Rocky Moun- 
tain region. Experienced in design of gas 
heating appliances and in designing warm 
air heating and residential air conditioning 
systems. Applicant is college graduate, age 
32 years. Address Box E-207, Western Gas, 
124 West Fourth Street, Los Angeles, Calif. 


Engineer or office manager, married man, 
age 31, college training, 10 years with one 
utility construction company as chief clerk, 
party chief, draftsman on electric and gas 
transmission, distribution and operation, hy- 
dro, steam and substation work, desires posi- 
tion. Applicant is open to any offer, clerk, 
dispatcher, transitman, temporary or perma- 
nent location anywhere. Excellent record. 
Address Box E-209, Western Gas, 124 West 
Fourth Street, Los Angeles, Calif. 


Single man, age 29, experienced in house 
heating, commercial building and industrial 
conversion work, desires position. Applicant 
is familiar with all types of heating systems 
and boilers. Experience includes surveying, 
figuring heat loss, annual gas consumption, 
boiler load demands, specifying equipment 
and supervising installations. Now employed 
as industrial sales engineer. Will go any- 
where. Address Box E-211, Western Gas, 
124 West Fourth Street, Los Angeles, Calif. 


Distribution and operation natural gas 
man, age 28, married, desires position. Eight 
years experience in installing and operating 
town plants. Can build industrial and house 
heating loads and handle public relations. 
Have had responsible position as district man- 
ager. Moderate salary. Excellent references. 
Address Box E-213, Western Gas, 124 West 
Fourth Street, Los Angeles, Calif. 


Wanted—Position as fitter. Applicant has 
had 12 years experience, is 32 years of age, 
married. Would prefer to locate in or near 
South Carolina, but will consider position 
anywhere. Address Box E-215, Western 
“aed 124 West Fourth Street, Los Angeles, 
Calif. 


Position Wanted—Experienced gas maker 
and plant operator. Understands the in- 
stallation of gas machinery and pipe work. 
Can supervise men or will work as subordi- 
nate. Excellent recommendations. Address 
Box E-217, Western Gas, 124 West Fourth 
Street, Los Angeles, Calif. 
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Illinois Gas Co. Puts on 
Successfui Sales Campaign 


The Illinois Gas Co., Lawrenceville, III., 
began a special campaign for the sale of gas 
appliances, on June 1, continuing the sale 
until July 11. Rewards for the campaign 
were figured from _ percentages of quota 
reached, with vacations on pay as the prizes 
for quotas met. Each employee earned his 
vacation, and one of the salesmen selling 
more than his quota, was rewarded with 
additional time. 

The sale was well advertised in the news- 
papers of the several towns in which the 
company operates, including Olney, Sumner, 
and Bridgeport, Ill. Hand-bills were also 
distributed and special posters were used. 


P. G. and E.-Dealer Automatic 
Water Heater Campaign 


HE “United Automatic Water Heater 

Industry Campaign,” inaugurated Feb- 
ruary 1, sponsored by Pacific Gas and Elec- 
tric Co., San Francisco, Calif., and automatic 
water heater manufacturers and distributors 
of the territory, came to a successful close 
July 1, with 8,161 water heaters added to 
the company’s load, over-reaching the quota 
by 161. 

Pacific Gas and Electric Co. supported the 
campaign with a widespread advertising pro- 
gram in daily and weekly newspapers 
the territory. Terms were liberal, with a 
minimum down payment of $4.65 on sales up 
to $150, and 10 per cent down on appliances 
selling at a higher figure. 

Total space used in daily and weekly news- 
papers included 1,938 advertisements approxi- 


mating 457 newspaper pages of 160 column- 
inches, each. In addition there were 270 
poster boards used, 830 truck banners repro- 
ducing the poster board, and more than a 
million stickers, as well as a series of con- 
sumer and employee broadsides. 

Pacific Gas and Electric Co. sales were con- 
fined to the replacement of other fuels than 
gas, and to non-automatic heaters. Sales of 
new automatic water heaters were handled 
by the dealers, and in order to encourage 
dealer cooperation, representatives of some 
of the leading makes of water heaters offered 
their dealers financing terms on the same 
basis that P. G. and E. sales were made. 


Payette Natural Franchise to 
Idaho Gas & Utilities Corp. 


Franchise to serve Payette, Idaho, with 
natural gas has been granted to the Idaho 
Gas & Utilities Corp., which recently took 
over part of the holdings of Louis Lilly in 
the Crystal Dome area. The company was 
organized some time ago by C. E. Bivens 
and associates of Denver, Colo. 


Line Laid in 1888 May Be Placed 


in Service for Louisville Load 


A pipe line from Meade County, Ky., to 
Louisville, may be taken up, reconditioned, 
and placed in service again, according to 
plans announced by M. T. Whitworth, Bran- 
denburg, Ky., representing the Natural Gas 
Cooperative Market Association of Meade 
County. The line was laid in 1888 and was 
in constant service from that time until the 
year 1911. Wells in the field are reported 
as being capable of producing about 5,000,- 
000 cubic feet daily at the present time, and 
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an active drilling program would insure a 
much larger source of supply. 


"Ductilwelding of Carbon and 
Alloy Steel" Is New Publication 


A booklet entitled “Ductilwelding of Car- 
bon and Alloy Steels” has just been brought 
from the press by Blaw-Knox Co. of Pitts- 
burgh, Pa. The booklet describes the de- 
sign and manufacture of Ductilwelded pres- 
sure chambers and other process equipment. 


Excelsior Springs, Mo., Now 
Being Served with Natural 


Completion of Missouri Power & Light 
Co.’s transmission line from the gas fields 
in Clay County, Mo., near Liberty, to Ex- 
celsior Springs, was announced in July. 
Fourteen miles of 6-inch pipe and 3 miles of 
8-inch were laid. Change-over work at Ex- 
celsior Springs is also complete, with a low 
pressure system operating at about 3 pounds. 
R. L. Rogers, district manager for the com- 
pany in Excelsior Springs, will be in charge 
of operations on the line, as well as the 
distribution system. 


Line Projected from Terre Haute 
to Serve Several Illinois Towns 


According to press reports from the dis- 
trict, Panhandle-Illinois Pipe Line Co., Kan- 
sas City, Mo., is planning construction of a 
gas transmission line from Terre Haute, Ind., 
to Paris, Ill., and other towns. Missouri- 
Kansas Pipe Line Co., afhliate of Panhandle- 
Illinois, operates the line from Kentucky fields 
to Terre Haute. 


S'RASER, 


There Are Twenty-three Distinct Models in The New Fraser Line—Available with a Variety of Controls 


Available in Many Localities. 


Distributed by H. R. Basford Company 


San Francisco—Los Angeles 


and Exterior Finishes. 


BASEMENT FURNACES — FLOOR FURNACES — PIPELESS FURNACES — 
WALL FURNACES — CONSOLE CIRCULATING HEATERS 


HOT AIR 


pre 


The Fraser Line—With Its New Low Prices and New Models—Is Well Adapted for Dealer and Utility Selling. 


Write for New Prices and Full Information. 


THE COMPLETE LINE of Gas-Fired Warm Air Heating Equipment 
is now being manufactured in our new modern-equipped factory 
devoted exclusively to the manufacture of gas heating equipment. 


Manufactured by Fraser Furnace Co., Inc. 
Stockton, Calif. 


Agencies 
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%PARK WIILSIRIIIR 


Most desirably situated on Wilshire 
Boulevard, adjoining beautiful Westlake 
Park---15 minutes from the city center. 
By bus directly in front of the building 


and by three car lines within one block. 


Apartments from $75 a Month 
Also Daily and Weekly Rates 


2424 Wilshire Blvd., at Westlake Park 


Modern, Home-like and 
Supremely Comfortable 
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SCIENTIFIC 


WATER 


CORRECTION 
e 
Boiler Water 


Dearborn Scientific Feed Water Treatment cor- 
rects scale formation, foaming, pitting and cor- 
rosion in steam boilers. Analysis of the water is 
made in the Dearborn Laboratories and proper 
treatment prepared to overcome the trouble. 


e 
Cooling Water 


Dearborn Laboratories offer a service in treat- 
ing cooling water to control scale deposits and 
corrosion. Also, in removing scale deposits from 
jackets, water lines, etc. 


These services are effective and economical. No pur- 
chase of expensive equipment is required, 
Inquiries invited. 


DEARBORN CHEMICAL COMPANY 
LOS ANGELES: 
807 Mateo Street Phone TRinity 3385 
SAN FRANCISCO: 


421 Bryant Street Phone Sutter 8688 


William Taylor Hotel 


Most Distinctive Hotel of San Francisco 


Also operating 


HOTEL WHITCOMB 
at CIVIC CENTER 


WOODS-DRURY CO., Operators 


JAMES WOODS ERNEST DRURY 
President Manager 


WILLIAM TAYLOR 
HOTEL at Civic Center 
SAN FRANCISCO 


WESTERN GAS 


Miss America Gas Hair Dryer 
ls New on the Market 


The Miss America Gas Multiple Unit Hair 
Dryer is a new product on the market, fea- 
turing a multiple unit system with independ- 
ently operated head sets for beauty shops. 
The dryer is equipped with a thermostat con- 
trol, and gas and air chambers are entirely 
separate. Patrons may control the air flow 
or leave the dryer without assistance of the 
operator. There is also a blower attachment 
for drying shampoos or heavy hair. The 
company headquarters at 608 South Dear- 
born St., Chicago, III. 


Dickson County Oil & Gas Co. 


Planning to Serve Nashville 


Dickson County Oil & Gas Co., Nashville, 
Tenn., on July 2 posted a certified check for 
$25,000 to insure the company’s share in 
costs of an election to determine the grant- 
ing of a natural gas franchise. If granted 
the permit, the company will construct a 
transmission line to Nashville from fields in 
Dickson county. The election is scheduled 
for August 4. 


Laclede Gas Light Co. Change-Over 
Complete; Serving 800-B.t.u. Gas 


Natural gas mixed with manufactured to 
give an 800-B.t.u. gas is now being served 
by Laclede Gas Light Co., St. Louis, Mo. 
Approximately 1,500,000 burners were 
changed to the new fuel from manufactured, 
1,000 men participating in the work. More 
than 205,000 meters make up the Laclede 
system. 


Amory Natural Gas Co. to Build 


Gas Transmission Line to Becker 


Plans have been announced by the Amory 
Gas Co., Amory, Miss., for construction of 
a gas transmission line from Amory to 
Becker, a distance of 4 miles. The company 
is subsidiary to Alabama Natural Gas Corp., 
Birmingham, Ala. 


Electrolux Refrigerator Sales Gain 


483 Per Cent in Salt Lake 


May sales of Electrolux refrigerators by 
the Utah Gas & Coke Co., Salt Lake City, 
were 483 per cent greater than the May sales 
for 1931, according to L. D. Simmons, general 
sales manager for the company. Sales dur- 
ing early June indicated an even greater 
increase. 


El Cerrito, Calif., tc Get Service 

Pacific Gas and Electric Co., San Fran- 
cisco, has filed application with the State 
Railroad Commission to install a gas distri- 
bution system in El Cerrito, Calif. The 
town will come under the East Bay Division 
of the company. 


Three Minn. Towns to Be Served 


Claremont, Mantorville and Bynum, Minn., 
are scheduled for natural gas service short- 
ly by the Minnesota Northern Natural Gas 
Co., subsidiary of Northern Gas and Pipe 
Line Co., Omaha, Neb. 


New Office for So. Gas Utilities 


Southern Gas Utilities, Inc., a unit of the 
United Gas System, announced the opening 
of a new office in New Braunfels, Texas, the 


middle of July. 
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|; 50,000 
SPRAGUE Lineal Feet of Ditch 

SEMI-CHROME | = without a minute's 
LEATHER 


Resists acids 


and boiling water. 


Now Used in All 


J UST as a man's value to an organization increases in 
proportion as the necessity for supervision decreases, so 
the value of a machine is enhanced in proportion to the 
| length of time it will perform efficiently without special 


supervision and attention. On any job continuity of per- 
formance is the measure of efficiency and economy. 
The Cleveland Baby Digger illustrated above on a West 
Coast gas line job dug 50,000 lineal feet of ditch without 
RE ULA ORS any delays or stops. There was absolutely no time lost. The 
operator in speaking of its performance said: “Tell ‘em, for 


| me, it's the sweetest little baby | ever handled, and | have 


run them all." 


tS This is just one recent instance of Baby Digger Continuity 


of Performance. 


Compact, mobile, powerful, sturdy and fast—quality built 


May we send you | | throughout—and designed exactly to meet the severest re- 
| | quirements for digging gas trench, the Cleveland Baby Dig- 
samples and data? | | ger has earned an enviable reputation for dependable, 


trouble-free performance. 


| Visualize what this day-in-day-out sureness of performance 
| | means in increased trench dug and pipe laid—how it saves 
és | | labor time consistently opening more trench in more places, 
| | keeping the pipe laying crews constantly busy. 


ae ea CR er er 


| | If you would learn what real machine trenching performance 


The Sprague Meter Co. can be, use the Baby Digger on your next job—it is fitte 


to your work. Write for specifications. 
BRIDGEPORT, CONN. 


| THE CLEVELAND 
Los Angeles, Calif., San Francisco, Calif. | TRENCHER COMPANY 


Newark, Ohio | | “Pioneers of the Small Trencher’”’ 
| 20100 St. Clair Ave., Cleveland, Ohio 
Davenport, lowa Houston, Texas [| | For Sale by 


| EDWARD R. BACON COMPANY 
Folsom at 17th Street San Francisco, California 
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WESTERN GAS 


DIRECTORY 
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Byllesby Engineering 
and Management Corporation 


Wholly-owned subsidiary of 
Standard Gas and Electrie Company 


231 South La Salle Street, Chicago 
New York Pittsburgh San Francisco 


MACCO - ROBERTSON 


LIMITED 


Pipe Line Construction 


ORGANIZATION — EXPERIENCE 
RESPONSIBILITY 


LOS ANGELES CALIFORNIA 


SHEER 


« “HIGH-LOW” (2 stage) Electric Gas Valve for ennver- 
sion burners,’gas furnaces; also Electric Clock Thermo- 


stats, Limit Comtrate, Space Heater Regulators, etc. 
te for Lew 1932 Prices 


H. M. SHEER CO. QUINCY, ELL. 


PIPE CO. 
PROVO. UTAH 


SAN FRANCISCO LOS ANGELES 


Rialto Bidg. 6800 S. Alameda St. 
SALT LAKE CITY PORTLAND, ORE. DENVER 


149 W. 2nd South Street 606 Spalding Building 226 Cont’! Oil Building 


GAS PIPE LINE MAP 


Compiled by the Editors of WESTERN GAS 
Size 45” x 45” 


The most comprehensive published; covers the 22 

western states in detail. Gives gas fields, names of 

natural gas communities; sizes of pipe lines and names 
of pipe line companies. 


PRICES: 
$1.50, Heavy Bond Paper; Printed on Cloth, $3.50 


WESTERN GAS 
124 West Fourth St. Los Angeles, Calif. 
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VUPEL OP TECTED TUL DA ACTORS OEO ROR 


If YOU want a copy of the First and Only 
Authoritative Hand Book on BUTANE-PROPANE 
GASES, You MUST Act at ONCE-—Send no 
MONEY—But Mail the Coupon Below Today! 


The Answer to an 
Insistent Demand 


<Vass ©Y VT N\OM 


Profusely Illustrated 


A Complete 
Reference Work 


Look at these features. 
@ History of Butane-Propane 
Gases s 
@ Present and Potential Scope 
@ Physical Properties 
@ Production of Liquefied 
HIS Handbook comes in response to a very definite need. A tremendous 
f Petroleum Gases amount of development work has been accomplished for the liquefied pe- 
gs _ ety Requirements troleum gas ring sand . — space of time, with ae aa on — 
i pating. And to date there has nm no one source to which the industry could 
® A ss eign . go for information on all phases of the field. This is the mission of the Hand- 
2 ppliance Utilization book of Butane-Propane Gases—consolidating and organizing all of these refer- 
® Use in Gas Manufacture ence data under one cover. 
i ae ME ta eae oa Cea 
@ Bottled Gas Distribution 
@ Industrial Uses | WESTERN GAS “Publishers”, 124 W. 4th St., Los Angeles, Calif. 
% aha . ea ag Enter my order for........ copies of the Handbook of Butane-Propane Gases, 
Q irectory o tg se at Five Dollars ($5.00) per copy, for which I will remit $......... on receipt. 
u 
@ Catalogue Section Yo ER ee eS ee (Street Address) 
@ Index OES BS eR SEE ee 
® Buyers Guide | (Peaien) (City) 
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It’s BITUMAS 
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TIC—by a Big Majority 
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VERY year, for the past five years. our sales 

for gas lines have far exceeded those of 
any other*pipe coating manufacturer. It is prob- 
able, in fact, that over this period more Bitu- 
mastic has been sold than all other manufac- 
tured pipe coatings put togé$her.* 


This volume refers not only to the tonnage of 
material sold but to the mileage coated on pipe 
lines of equivalent diameter. With but few ex- 
ceptions, Bitumastic has been us@l to protect 
—_ all of the great tratismission lines. — 


“Mill applied lacquers ca 
and varnishes excepted. “© 
“There is no substitute for experience” 
. . om 
which means no substitute for the— ; 
i es 
OP 
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: “Proven Protection Jor Pipe Lines 


Wailes Dove-Hermiston Ci 
17 Battery Place—New, York 


Philadelphia Tulsa Los Angeles ‘ 
401 N. Broad St. Philtower Bldg. 2461 E. 8th Street 
Cleveland San Francisco Chicago 


Union Trust Bldg. 345 Vermont Street 20 N. Wacker Drive 
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